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ADVERTISEMENT.

T H E Committee appointed by the Royal Society to dired the pub*

lication of the Philofophical Tranfattms, take this opportunity to

acquaint the Public, that it fully appears, as well from the council-books

and journals of the Society, as from repeated declarations which have

been made in feveral former Rninfactions, that the printing of them was

always, from time to time, the hngle ad of the refpedive Secretaries, till

the Forty-feventh Volume : the Society, as aBody, never intereding them-

felves any further in their publication, than by occafionally recommending

the revival of them to fome of their Secretaries, when, from the particular

circumdances of their affairs, the Tranfaftions had happened for any

length of time to be intermitted. And this feems principally to have

been done with a view to fatisfy the Public, that their ufual meetings

were then continued for the improvement of knowledge, and benefit of

mankind, the great ends of their firft inditution by the Royal Charters,

and which they have ever fince deadily purfucd.

But the Society being of late years greatly inlarged, and their com-

munications more numerous, it was thought advifable, that a Committee

of their members fhoulu be appointed to reconfider the papers read be-

fore them, and feled out of them fuch, as they fhould judge mod pro-

per for publication in the future 'Tranfaftiotis
;
which was accordingly

done upon the 26th of March 1752. And the grounds of their choice

are, and will continue to be, the importance and fingularity of the fub-

jeds, or the advantageous manner of treating them ; without pretending

to anfwer for the certainty of the fads, or propriety of the reafonings,

contained in the feveral papers fo publifhed, which mud dill red on the

credit or judgment of their refpedive authors.
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It is likewife necelTary on this occafion to remark, that it is an efta--

blifhed rule of the Society, to which they will always adhere, never to

give their opinion, as a Body, upon any fubjecl, either of Nature or Art,

that comes before them. And therefore the thanks, which are fre-
%

quently propofed from the chair, to be given to the authors of fuch pa-

pers as are read at their accuftomed meetings, or to the perfons through

tvhofe hands they receive them, are to be confidered in no other light

than as a matter of civility, in return for the refpeft fhewn to the Society

by thofe communications. The like alfo is to be faid with regard to

the fever a] proje&s, inventions, and curiofities of various kinds, which

are often exhibited to the Society ; the authors whereof, or thofe who

exhibit them, frequently take the liberty to report, and even to certify

in the public news-papers, that they have met with the higheft applaufe

and approbation. And therefore it is hoped, that no regard will here-

after be paid to fuch reports, and public notices
;
which in fome inftanc'eS

have been too lightly credited, to the dUhonour of the Society*
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PHILOSOPHICAL

TRA N S A CTIONS,

I. Of the Methods of manifefiing the Prefence, and afeertaining

the Quality, of finall Quantities of Natural or Artificial

Eledlricity. By Mr. Tiberius Cavallo, F. R. S.

The Le&ure founded by the late Henry Baker, Efq. F. R. S.

Read November 15, 1787*

THE perfevering induftry of many ingenious perfons in

the philofopbical world, mice the beginning of the

prefent century, has gradually, and with rapid fuccefs, exa-

mined the effects, afeertained the properties, and inveftigated

Vol. LXXVIII. B the



2 Mr. Cavallo’s Ohfervntions on

the laws of a fcience aimed entirely unknown before. Various

wonderful phenomena of nature have been explained, means

have been difcovered of avoiding fome of their dangerous

effects, and a greater inlight into the general operations of

nature has been derived, from the knowledge of fo great and

fo extendve a power as is commonly underdood under the

name of elettricity ; yet, if indead of contemplating its more

flriking phenomena, viz. thofe which are apt to furprife more

by the magnitude of their effects, than by the indruCtion

which they may afford, we endeavour to examine the fubject

more clofely, we (hall find that our knowledge of electricity

goes very little, if at all, beyond the fuperficial part of it-

We know, for inftance, that a piece of glafs, or other eleCtric,

when rubbed, will produce that power which we call eleCtri-

citv, that the glafs will communicate the acquired electricity

to a piece of metal, that the piece of metal will retain that

power in certain circumftances, and fo on ; but no perfon has

(hewn how that power is generated by the friCtion, or what

prevents its paffage through the fubdance of fome particular

bodies. It has been afcertained, that the air of moil coun-

tries, and probably of the whole world,, as well as the clouds,,

fogs, rains, &c. are almoft always eleClrified ; but we are

Ignorant of the office which this eleClricity can have in the

great laboratory of nature ; for furely fo general and fo aCtive

a powder can hardly be intended by nature, merely to intimi-

date mankind now and then with the thunder and the light-

ning.

It appears, therefore, that thofe perfons, wrho are now
willing to didinguiffi themfelves in this intereding branch of

natural philofophy, ought to examine the cleChical power not

to much in its accumulated, as in its incipient date. Its firft

5
• origin.
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origin, or very beginning, ought to be inveftigated, it being

afterwards very enfy to underftand its increafe ; for we may
eafily comprehend, how a great quantity of it may be accu-

mulated from the often repeated additions of its fmalleft

portions.

This truth having been underflood by feverai philofophical

perfons, has induced them to contrive infhuments neceffary

for the purpofe, and to make numerous obfervatlons, which

have undoubtedly promoted the knowledge of the fubjeCt ; but

a great deal flill remains to be done, before we can attain to

the knowledge of the object in view, viz. of the real nature,

of the firft origin, and of the general ufe of electricity. The
inftruments hitherto invented are ftill inadequate to the pur-

pofe, and the known methods of operating are not free from

confiderable objections. To examine the peculiar conltruc-

tions, intended ufes, properties, and defeCts, of thofe inftru-

ments, as well as methods of performing the experiments, is

the principal objeCt of the prefent LeCture, which I have the

honour of delivering to this learned Society, and which may,

perhaps, be of ufe to other experimenters in this branch of

philofophy ; fince what is mentioned in the following pages is

the refult of long experience, and of confideration. Of expe-

rience, which has often contradicted the fanguine expectations

of a pre-conceived theory; and of confideration, which has

frequently demonftrated the abfurdity or infufficiency of

fchemes which, at firft fight, feemed very eafy and plaufible.

The late Mr. John Canton was, as far as I know, the

firft perfon who conftruCted an electrometer, or inftrument

capable of (hewing the prefence of what was then confidered

as a fmall quantity of eleCtricity. This inftrument confifted

of two fmall balls of pith of elder or of cork, fattened to the

B 2 two



4 Mr. Cavallo’s Obfervaiions on

two extremities of a linen thread, the middle of which was

fattened to an oblong wooden box, in which the thread and

bails were kept, when not actually in ufe. It was with fuch

an inttrument that Mr. Canton himfelf, Father Beccaria,

and others, alcertained the electricity generally exitting in the

air; and that Mr. Rona yne difcovered the conttant eleCtricity

of fogs. But in the courie of my experiments, having made

frequent ufe of fuch electrometers, it naturally occurred to

me, that in feveral cafes, when the electrometer gave no figns

of electricity, or at leatt not fufficient to afcertain its quality,

the caufe of it was the refpectively large fize of the inttru-

ment ; for a fmall quantity of electricity being diffufed through

the box, thread, and balls of the eleCtrometer, had not powrer

fufficient to feparate the balls, and of courfe to (hew its pre-

fence. In conlequence of this, I contracted the fize of the

electrometers to fuch a degree as could be affeCted by lefs than

the tenth part of that quantity of eleCtricity which was ne-

ceflary to affeCt Mr. Canton’s eleCtrometer. But in making

the electrometers very ffiort, the ttiffnefs of the threads, which

had been infignificant in a great extent, became now very con-

fiderable ; hence, inftead of fattening the balls to the two ex-

tremities of one piece of thread, I found it neceflary to fuf-

pend each ball by a feparate piece of thread, the upper part

of which was formed into a loop, which moved in a ring of

brafs wire.

The electrometers, thus improved, were frill fubjeCt to a

very great imperfection, which was the twitting of the threads ;

to avoid which I fubttituted fine filver wire, inttead of linen

threads, which anfwered very well. However, in obferving

the eleCtricity of the atmofphere, thofe electrometers appeared

to labour under a confiderable inconvenience, which was their

4 being
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being difturbed by the wind
;

for it frequently happened, that

neither the exigence, nor the quality, of the electricity could

be afcertained on account of the wind agitating the in ftrumen t,

and becaufe the eleCtricity being in fmall quantity would not

remain on the electrometer a time lufficient to bring the initru-

ment within doors, where it might be examined without any-

obftruCtion. In order to remove this imperfection, I inclofed

the electrometer in a bottle, as it is deferibed in the Philo-

fophical TranfaCtions, Vol. LXX. which conftru&ion has been

found to anfwer remarkably well.

This bottle electrometer has been fince altered by various

perfons ; though, in my opinion, thofe alterations do not tend to-

improve it altogether. M. de Saussure, by altering the fhape of

the bottle, and depriving it of a neck, has rendered it capable of

retaining, the communicated electricity only for a very (hort

time * ; whereas, fome of thofe electrometers, conftruCted on

my original plan, have retained the communicated eleCtricity

for more than four hours.
*

Betides this, M. de Saussure, as well as fome who make

thefe electrometers for fale, have fubitituted pith balls, indead

of the conical corks of the original plan, the latter of which,

are preferable for two reafons ; viz. firft, becaufe the balls of

pith are apt to adhere to each other, fo that on communicating

the eleCtricity they often do not Ihew any repullion at all; or

if the communicated eleCtricity be confiderably great, the pith,

balls, after adhering to each other for fome time, are at laft fepa-

rated with violence, fo as to fly to the tides of the bottle, which,

fruftrates the experiment ; whereas the corks are not near fo

fubjeCh to this inconvenience ; and, fecondly, becaufe the coni-

cal lhape renders thofe corks capable of prefenting a much

* Saussure’s Voyage dans les- Alpes, Tom. II.

greater
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greater furface to each other, than if they were globular,

their weights being the fame in both cafes ; for it is very well

known, that, of all the lolid figures, the fphere contains the

greatefl capacity under the lead; furface ; and as the effects of

electricity, in thofe cafes, is proportionate to the furface, and

not to the quantity of matter, it follows, that the conical

fhape is preferable to the globular.

Another alteration of the bottle eleflrometer was lately made

by the Rev. Mr. Bennet, and is defcribed in the Philofophical

Tranfadtions, Vol. LXXVII. Part I. It confifts principally in

fubftituting two flips of gold-leaf to the corks fufpended by

wires. This alteration has fome peculiar advantages and difad -

vantages. Its advantages are in general a greater degree of

fenfibility, and a more eafy conftrudtion. Its difadvantages

are, firft, that the inftrument is not portable; and, lecondly,

that even when not carried about, it is apt to be fpoiled very

eafily. However, in fome cafes it is very ufeful, fo that, upon

the whole, it may be confidered as a very good improvement.

As the faftening of the flips of gold-leaf to this electrome-

ter, and to let them hang parallel, is rather difficult, it will

not be improper to defcribe a method which I have contrived, in

order to accomplifli it more eafily. When the flips are cut,

and are lying upon paper or leather, I make them equal in

length, by meafuring them with a pair of compafles, and cut-

ting off a portion from the longeft : then cut two bits of

very fine paper, each about half an inch long, and a quarter

of an inch broad, and flick one of them, by means of a little

wax, which is rubbed upon them, to one extremity of each flip of

gold-leaf, fo as to form a kind of letter T. This done, I hold

up, in the fingers of one hand, one piece of paper, with the gold

leaf fufpended to it, and hold the other with the other hand

;

then
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then bring them near to each other, and after having adjutted

them properly, fo that the (lips may hang parallel and fmooth,

I force the pieces of paper, which now touch each other, be-

tween the two fides of a fort of pincers made of brafs wire,

which are fattened to the under part of that piece which

forms the top of the electrometer : and, in order to change

thofe flips when fpoiled, I keep in a book feveral flips of gold-

leaf ready cut, and furnifhed each with a piece of paper; fo

that by this means this electrometer is rendered, in a certain

manner, portable.

Befides the way of afcertaining fmall quantities of electri-

city, by means of very delicate electrometers, two methods

have been communicated to the philofophical world, by which

iuch quantities of eleCtricity may be rendered manifett, as

could not be perceived by other means. The firtt of thofe

methods is an invention of M. Volta, the apparatus for it

being called the Condenfer of Electricity , and is defcribed in the

Philofophical TranfaCtions, Vol. LXXII. The fecond is a con-

trivance of the above-mentioned Mr. Bennet, who calls the

apparatus The Doubler of EleCtricity. A defcription of it is

inferted in the Philofophical TranfaCtions, Vol. LXXVII.

M. Volta’s condenfer conflfls of a flat and Imooth metal

plate, furniflied with an inlulating handle, and a femi-con-

duCling, or imperfectly infulating, plane. When one wifhesto

examine a weak eleCtricity with this apparatus, as that of the

air in calm and hot weather, which is not generally fenfble to'

an electrometer, he mutt place the above-mentioned plate upon

the femi* conducting plane, and a wire, or fome other con-

ducting fubttance, mutt be connected with the metal plate,,

and mutt: be extended in the open air, fo as to abforb its elec-

tricity ; then, after a certain time, the metal plate mutt: be

feparated
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feparated from the femi-conducting plane, and being prefented

to an electrometer will electrify it much more than if it had

not been placed upon the above-mentioned plane.

The principle on which the aCtion of this apparatus depends

is, that the metal plate, whilft {landing contiguous to the

iemi-conduCting plane, will both abforb and retain a much

greater quantity of electricity than it can either abforb or

retain when feparate, its capacity being increafed in the former,

and diminilhed in the latter cafe.
i

Whoever confiders this apparatus, will eaiily find, that its

office is not to manifeft a fmall quantity of electricity, but

to condenfe an expanded quantity of eleCtricity into a fmall

fpace ; hence, if by means of this apparatus one expeCted to

render more manifeft than it generally is, when communicated

immediately to an electrometer, the eleCtricity of a fmall tour-

malin, or of a hair when rubbed, he would find himfelf

miftaken.

It is Mr. Bennet’s doubler that was intended to anfwer

that end ;
viz, to multiply, by repeated doubling, a fmall, and

otherwife unperceivable, quantity of electricity, till it became

fufficient to affeCt an electrometer, to give fparks, &c. The

merit of this invention is certainly confiderable ; but the ufe of

it is far from precife and certain.

This apparatus confifts of three brafs plates, which we lhall

call A, B, and C ; each of which is about three or four inches

in diameter. The firft plate A is placed upon the gold-leaf

electrometer, or it may be fupported horizontally by any other

infulating ftand, and its upper part only is thinly varnilhed.

The fecond plate B is varniflied on both fides, and is furnifhed

with an infulating handle, which is fattened laterally to the

edge of it. The third plate C is varnifhed on the under fide

only.
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only, and is furnifhed with an infulating handle, which is per-

pendicular to its upper furface.

This apparatus is ufed in the following manner. The plate

B being laid upon the plate A, the fmall quantity of electricity,

which is required to be multiplied, is communicated to the

under part of the plate A, and at the fame time the upper part of

B is touched with a finger ; then the finger is fird removed ;

the plate B is afterwards removed from over the plate A. The
plate C is now laid upon B, and its upper furface is touched, for

a fhort time, with a finger. By this operation it is clear, that if

the eleClricity communicated to the plate A is pofitive, the plate

B mud; have acquired a negative electricity, and the plate C muff

have acquired the pofitive, viz. the fame of the plate A. Now
the plate B, being feparated from C, is laid as before upon A ;

the edge of C is brought into contaCt with the under part of

the plate A, and at the fame time the upper part of B is

touched with a finger, by which means the plate B, being

aCled upon by the atmofpheres of both the plates A and C,

will acquire nearly twice as much eleCtricity as it did the fird

time, and of courfe will render the plate C, when that is laid

upon it, proportionably more electrified than before : thus, by

repeating this operation, the eleClricity may be increafed to any

required degree.

The varnifh on thofe furfaces of the plates which are to lie

contiguous to each other ferves to prevent the metal of one

touching the metal of the other; for in that cafe, in dead of

one plate canting a contrary electricity in the other, the elec-

tricity of the fird would be gradually communicated to the

others, and would be difiipated.

As loon as 1 underdood the principle of this contrivance, I

hadened to condruCl fuch an apparatus, in order to try feveral

Vol. LXXVIIf. C '

expe-
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experiments of a very delicate nature, efpecially on animal

bodies and vegetables, which could not have been attempted

before, for want of a method of afcertaining exceedingly

fmall quantities of electricity ; but, after a great deal of trou-

ble, and many experiments, I was at laft forced to conclude,

that the doubler of eledricity is not an inflrument to be de-

pended upon, for this principal reafon ; viz. becaufe it multi-

plies not only the eleCtricity which is willingly communi-

cated to it from the fubftance in queflion ; but it multiplies

alfo that eleClricity which in the courfe of the operation is

almofl unavoidably produced by accidental fridlion ; or that

quantity of eledlricity, however fmall it may be, which ad-

heres to the plates in fpite of every care and precaution.

Having found, that with a doubler conflrudled in the above

defcribed manner, after doubling or multiplying twenty or

thirty times, it always became flrongly eleClrihed, though no

eleClricity had been communicated to it before the operation,

and though every endeavour of depriving it of any adhering elec-

tricity had been pradlifed ; I naturally attributed that electricity

which appeared after repeatedly doubling, to fome friction

given to the varnifh of the plates in the courfe of the opera-

tion. In order to avoid entirely this fource of iniflake, or at

leaf!; of fufpicion, I conflruCted three plates without the leaft

varnifh, and which, of courfe, could not touch each other,

but were to fland only within about one-eighth of an inch of

each other. To effeCt this, each plate flood vertical, and was-

fupported by two glafs flicks, which were covered with fealing-

wax : fee Tab. I. fig. i. and 2., where AB is a wooden pe-

deflal, 7 1 inches long, 2I broad, and i£ inch thick; C and D
are the two glafs flicks cemented into the Hand or pedeflal AB,

and likewife into the piece of wood E, which is faflened to the:

back
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back of the plate. The plate itfelf is of ftrong tin, and mea-

fures about eight inches in diameter. The {land AB projects

very little before the plate, by which means, when two of

thole plates are placed upon a table facing each other, the

wooden {lands will prevent their coming into aCtual contact, as

may be clearly perceived in fig. 3.

I need not deferibe the manner of doubling or of multiply-

ing with thofe plates; the operation being eflcntially the fame

as when the plates are conftruCted according to Mr. Bennkt’s

original plan, excepting that, inftead of placing them one

upon the other, mine are placed facing each other; and in

performing the operation they are laid hold of by the wooden

{land AB ; lb that no friction can take place either upon the

glafs legs, or upon any varnifh ; for thefe plates have no need

of being varnifhed. Sometimes, inftead of touching the plates

themfelves with the finger, I have fixed a piece of thin wire to

the back of the plate, and have then applied the finger to the

extremity of the wire, fufpeCting that fome friction and fome

electricity might pofiibly be produced when the finger was

applied in full contact to the plate itfelf.

It is evident, that as the plates do not come fo near to each

other in this, as they do in the other conftruCtion, the electri-

city of one of them cannot produce fo great a quantity of the

contrary electricity in the oppofite plate ; hence, in this con-

ftruCtion, it will be neceflary to continue the operation of

doubling fomewhat longer; but this difadvantage is more than

repaid by the certainty of avoiding any friction.

Having conftru&ed thofe plates, I thought that I might pro-

ceed to perform the intended experiments without any further

cbftruCtion ; but in this I found myfelf quite miftaken : for,

oji trying to multiply with thofe new plates, and when no

C 2 eleCtricity
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electricity had been previoufly communicated to any of them, -

I found, that after doubling ten, fifteen, or at molt twenty

times, they became fo full of electricity as to afford even

fparks. All my endeavours to deprive them of electricity

proved ineffectual. Neither expofing them, and efpecially tho

glafs (ticks, to the flame of burning paper, nor breathing upon

them repeatedly, nor leaving them untouched for feveral days,

and even for a whole month, during which time the plates

remained connected with the ground by means of good con-

ductors, nor any other precaution I could think of, was found

capable of depriving them of every veftige of eleCtricity ; fo that

they might (hew none after doubling ten, fifteen, or at mod
twenty times.

The electricity produced by them was not always of the

famo fort ; for fometimes it was negative for two or three days

together ; at other times it was pofitive for two or three days

more; and often it changed in every operation. This made me

fufpeCt, that pofiibly the beginning of that eleCtricity was de-

rived from my body, and being communicated by the finger to

the plate that was firfl: touched, was afterwards multiplied. In

order to clear this fufpicion, I actually tried thofe plates at dif-

ferent times, viz. before and after having walked a great deal,

before and after dinner, &c. noting very accurately the quality

of the eleCtricity produced each time ; but the effeCts Teemed to

be quite unconnected with the above-mentioned concomitant

circumftances, which independence was further confirmed by

obferving that the eleCtricity produced by the plates was of a

fluctuating nature, even when, inftead of touching the plates

with the finger, they had been touched with a wire, which

was connected with the ground, and which I managed by

means of an infulating handle.

i At
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At laft, after a great variety of experiments, which it is

unneceifary to defcribe, I became fully convinced, that thofe

plates did always retain a fmall quantity of electricity, perhaps

of that fort with which they had been laft electrified, and

of which it was almoft impoffible to deprive them. The va-

rious quality of the electricity produced was owing to this,

viz, that as one of thofe plates was poflefled of a fmall quan-

tity of pofitive eleCtricity, and another was poflefled of the

negative eleCtricity, that plate which happened to be the moft

powerful, occafioned a contrary eleCtricity in the other plate,

and finally produced an accumulation of that particular fort of

eleCtricity.

Thofe obfervations evidently {hew, that no precife refult

can be obtained from the ufe of thofe plates, and of courfe

that, when conftruCted according to the original plan, they are

{till more equivocal, becaufe they admit of more fources of

miftake.

As thofe plates, after doubling or multiplying only four or

five times, {hew no figns of eleCtricity, none having been

communicated to them before, 1 imagined that they might

be ufeful fo far only, viz, that when a fmall quantity of

cleCtricitv is communicated to any of them in the courie

of lome experiment, one might multiply it with fafety

four or five times, which would even be of advantage in va-

rious cafes; but in this alfo my expectations were difappointed,

as will appear from the following pages.

Having obferved, after many experiments, that, ceteris pari -

bus, when I began to multiply from a certain plate, for in-

ftance A, the eleCtricity which refulted was generally pofitive;

and when I began with another plate B, viz. confidered this

plate B as the firft plate, the refulting eleCtricity was generally

negative

;
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negative ; I communicated fome negative eleCtricity to the

plate A
, with a view of deftroying its inherent politive elec-

tricity. This plate A being now electrified negatively, but fo

weakly as juft to affeCt an electrometer, I began doubling; but

after having doubled three or four times, I found, by the help

of an electrometer, that the communicated negative eleCtricity

in the plate was diminifhed inftead of being increafed ; fo that

fometimes it vanifhed entirely, though by continuing the ope-

ration it often began to increafe again, after a certain period.

This fhews, that the quantity of eleCtricity, which however

fmall it may be, remains in a manner fattened to the plates,

will help either to increafe or to diminifh the accumulation or

multiplication of the communicated eleCtricity, according as it

happens to be of the fame, or of a different nature.

After all the above-mentioned experiments made with thofe

doubling or multiplying plates, we may come to the following

conclufion, viz. that the invention is very ingenious, but their

ufe is by no means to be depended upon. It is to be wifhed,

that they may be improved, fo as to obviate the weighty ob-

jections that have been mentioned in the preceding pages, the

hrft defideratum being to conflruCt a fet of fucli plates as, when

no eleCtricity is communicated, they will produce none after

having performed the operation of doubling for a certain num-

ber of times.

Upon the whole, the methods by which fmall quantities of

eleCtricity may be afcertained with precifion are, as far as I

know, only three. If the abfolute quantity of eleCtricity be

fmall and pretty well condenfed, as that produced by a fmall

tourmalin when heated, or by a hair when rubbed, the only

effectual method of manifefting its prefence, and afcertaining

its quality, is to communicate it immediately to a very delicate

electrometer,
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electrometer, viz. a very light one, that has no great extent of

metallic or of other conducing fubftance ; becaufe if the

fmall quantity of eleCtricity that is communicated to it be

expanded throughout a proportionably great furface, its elafli-

city, and of courfe its power of feparating the corks of an

electrometer, will be diminifhed in the fame proportion.

The other cafe is, when one wants to afcertain the prefence

of a confiderable quantity of electricity, which is difperfed or

expanded into a great fpace, and is little condenfed, like the

conftant eleCtricity of the atmofphere in clear weather, or like

the eleClricity which remains in a large Leyden phial after the

flrfl or fecond difcharge.

To effeCt this, I ufe an apparatus, which in principle is

nothing more than Mr. Volta’s condenfer; but with certain

alterations, which render it lefs efficacious than in the origi-

nal plan, but at the fame time render it much lefs fubjeCt to

equivocal refults. I place two of the above delcribed tin plates

upon a table, facing each other, as (hewn in fig. 3 and about

one-eighth of an inch afunder. One of thofe plates, for in-

ffance A, is connected with the floor by means of a wire, and

the other plate B is made to communicate, by any convenient

means, with the eleCtricity that is required to be collected. In

this difpofltion the plate B, on account of the proximity of

the other plate, will imbibe more eleCtricity than it it flood tar

from it, the plate A in this cafe aCting like the femi-conduding

plane of M. Volta’s condenfer, though not with quite an

equal effeCt, becaufe the other plate B does- not touch it
;
but

yet, for the very fame reafon, this method is incomparably

lefs fubjeCt to any equivocal refult. When the plates have

remained in the faid fltuation for the time that may be judged

neceffary, the communication between the plate B, and the

~ conducting
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conducing fublhnce which conveyed the eledtricity to it, muff

be difcontinued by means of a glafs (lick, or other infulatitig
v
-< m

body ; then the plate A is removed, and the plate B is pre-

fented to an ele61rometer, in order to afeertain the quality ot

the electricity j but if the eledtrometer be not affected by it,

then the plate B is brought with its edge into contadt with

another very fmall plate, which Bands upon a femi-condudting

plane, after the manner of M. Volta’s condenfer*; which

done, the fmall plate, being held by its initiating handle, is

removed from the inferior plane, and is prefented to the elec-

trometer : and it frequently happens, that the fmall plate will

affedt the electrometer very fenfibly, and quite fufficient for

the purpofe ; whereas the large plate itfelf {hewed no clear

ligns of ele6tricity.

If it be afked, why I ufe the femi-condudting plane for this

fmall plate, and not for the large one ? the anfwer is, firft, be-

caufe the large femi- conducing plane is incomparably more

difficult to be procured than the fmall one; and, fecondly,

becaufe the fmall plane may be eafily deprived of any acci-

dental eledtricity which may adhere to it ; but the large one is

more difficultly rendered fit for the purpofe, efpecially as the

large plate ought in general to remain upon it a much longer

time than the fmall plate is to remain upon its femi-condudting

plane.

The third and laff cafe is when the electricity to be afeer-

tained is neither very confiderable in quantity, nor much con-

denfed ; fuch is the eledtricity of the hair of certain animals,

of the furface of chocolate when cooling, &c. In this cafe

the heft method is to apply a metal plate, furnifhed with an

* This fmall plate is nearly of the fize of a {billing, and the femi-condu<5ting

plane is of wood covered with copal varniib.

infulating



fmall Quantities of Electricity, i y

infulating handle, like an eledlrophorus plate, to the electrified

body, and to touch this plate with a finger for a fliort time

whilft (landing in that fituation ; which done, the plate is re-

moved, and is brought near an eledlrometer ; or its eledlricity

may be communicated to the plate of a fmall condenfer, as

diredled in the preceding cafe, which will render the eledlricity

more conlpicuous. It is evident, that in this cafe the metal

plate will acquire the eledlricity contrary to that of the fub-

flance in queftion
; but this anfwers the fame puipofe: for if

the eledlricity of the plate be found to be pofitive, one muft

conclude, that the electricity of the body in queflion is nega-

tive, and contrariwife. In this operation, care mufl be had

not to put the metal plate too near, or in full contadl with the

fubftance to be examined, left the fridlion, likely to happen

between the plate and the body, fhould produce feme electri-

city, the origin of which might be attributed to ether caufes.

Having thus far deferibed the fureft methods of afeertaining

the prefence and quality of eledlricity, when its quantity or

degree of condenfation is fmall, I fhall now beg leave to add

fome farther remarks on the fubjedl of eledlricity in general,

and which have been principally fuggefted by what has been

mentioned in the preceding pages.

Oil the hypothefis of a tingle eledlric fluid, it is faid, that

every fubftance in nature, when not eledlrified, contains its

proper fhare of eledlric fluid, which is proportionate to its bulk,

or to fome other of its properties ; and it is generally believed,

that this equal or proportionate diftribution of eledlric fluid

takes place with the greateft part of natural bodies. However,

the fadl is far from being fo ; and I may venture to aflert that,

ftridtly fpeaking, every fubftance is always eledlrified, viz,

that every fubftance, and even the various parts of the fame

Vol. LXXV1II. D body,
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body, contain at all times more or lefs eleCtric fluid than that

quantity of it which it ought to contain, in order to be in an

eleChical equilibrium with the bodies that furround it.

At firft fight it may be thought quite immaterial to know,

whether the eleCtric fluid is difperfed in the juft proportion among

the various fubftances which are not looked upon as electri-

fied, or whether it deviates in a fmall degree from that propor-

tionate diftribution ; but it will hereafter appear, that one of

thofe aflertions will lead us to the explanation of an interefting

phenomenon in electricity, whereas the other does not admit

of it ; betides, what is called fmall difference of the propor-

tionate diftribution, infomuch as it does not affeCt our inftru-

ments, may be fuflicient for feveral operations of nature, which

it is our intereft to inveftigate.

If we inquire what phenomena evince this altered diftribu-

tion, or the actually eleCtrified ftate of all bodies, the pre-

ceding obfervations will furnifh fome very unequivocal ones m
9

efpecially that of the doubling plates made after my plan,

which Ihewed to be eleCtrified even after having remained un-

touched for a whole month, during which time they had

been in communication with the ground ; for if each of them

had contained an equal fhare of eleCtric fluid, the eleCtric

atmofphere of one of them could not poffibly occafion a con-

trary ele<ftricity in the other, and confequently no accumula-

tion of that power could have happened.

A great number of inftances are related in books on theO
fubjeCt of eleftricity, and in the Philofophical TranfaCtions,

of pieces of glafs, of fulphur, of fealing-wax, &c. having

remained eleCtrified fo far as to affeCt an electrometer for

months after they had been excited, or even touched ; but the

following experiment will fhew, in a clearer manner, the great

5 length
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length of time that a quantity of electricity will remain upon

a body.

Having conftruCfced a gold-leaf eleClrometer in the niceft

manner I could, and which, on account of the non-conducting

nature and conftruCtion of its upper part, could remain fenfibly

eleCtrified for feveral hours together, I communicated fome

eleCtricity to it, which cauled the flips of gold-leaf to diverge

with a certain angle; and as the eleCtricity was gradually dilli-

pated, the divergency diminiflied in the lame proportion.

Now, whilfl: this diminution of divergency was going on, I

looked through a fmall telefcope, and by means of a micro-

meter meafured the chords of the angles of divergency, bet-

ting down the time elapfed between each pair of contiguous

obfervations j and as the chord of the angle of divarication is

in the direCt Ample proportion of the denfity of the eleCtric

fluid *, I could by this means know how much eleCtric fluid

was loft by the electrometer in a certain time, and of courfe

what portion of the eleCtricity firfl: communicated to the elec-

trometer ftill remained in it. Let us make the chord of the

angle of divarication on firfl: electrifying the eleCtrometer, or

rather when firfl: obferved, equal to 16 ; or let us conceive that

quantity of eleCtricity to be divifible into 1 6 equal parts.

I obferved, that when the chord of the angle became equal

to eight, the time elapfed between this and the firfl: obfervation

was one minute ; when the chord became equal to four, the

time elapfed between this point and the preceeding obfervation

was f 3
Q,/

> when the chord became equal to two, the

time elapfed fince the preceding obfervation was i f j and

when the chord became equal to one, the time elapfed fince the

* This propofition was full afeertained hy F. Beccaria. See Philofphical

Tranfa Options, Vol. LVI.

D 2 preceding
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preceding obfervation was one hour and a quarter ; after which

the electrometer remained ienfibly electrified for a long time.

In repeating this experiment, the times elapfed between the

correfponding oblervations did not follow ftrictly the fame pro-

portion of increafe ; nor did they increafe regularly in the fame

experiments, which may be attributed in great meafure to the

inaccuracy in obferving, and to the fluctuating ftate of the air ;

but it could be fafely inferred from all the experiments, that

the times required for the dilperfion of the eleCtricity were at

leaft greater than the inverfe duplicate proportion of the den-

sities of the eleCtricity remaining in the electrometer. * And if

we imagine, that they continue to diminith in the fame propor-

tion of increafing time, which is far from being an extrava-

gant fuppofition, we fhall find, by a very eafy calculation,

that about two years after the electrometer would ftill retain the

hundredth part of the eleCtricity communicated to it in the

beginning of the experiment; and as we do not know how
far a quantity of eleCtricity is divifible, or to what extent it

may be expanded, we may conclude with faying that, ftriCtly

fpeaking, the electrometer would remain eleCtrified for many

years.

It may be inferred from this, as well as from many other

experiments, that the air, or in general any fubftance, is a

more or lefs perfeCt conductor of eleCtricity, according as the

eleCtricity which is to pafs through it is more or lefs condenfed ;

fo that if a given quantity of eleCtric fluid be communicated

to a fimall brafs ball, one may take it away by Amply touching

the ball with a finger ; but if the fame quantity of eleCtric

fluid be communicated to a furface of about ioo or 1000

fquare feet, the touching with the finger will hardly take away

any part of it.

7 If
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If it be afked, what power communicates the electricity, or

originally difturbs the equilibrium of the natural quantity of

eleCtric fluid in the various bodies of the univerfe ; we may
anfwer, that the fluctuating eleCtric date of the air, the paflage

of eleCtrifled clouds, the evaporation and co;idenfation of fluids,

and the friction arifing from divers caufes, are perpetually aCl-

ing upon the eleCtric fluid of all bodies, l'o as either to increafe

or diminifh it, and that to a more confiderable decree than is

generally imagined.

I lhall laftly conclude, with briefly propofing an explanation

of the production of eleClricity by friction, which is depen-

dent upon tiie above dated proportion, viz. that bodies are

always eleCtrifled in fome degree ; and likewife upon the well

known principle of the capacity of bodies for holding eleCtric

fluid being increafed by the proximity of other bodies in certain

c ireum fiances.

It feems to me, that the cylinder of an eleCtrical machine,

like ABC in fig. 4. mud always retain fome electricity of the

pofltive kind, though not equally denfe in every part of its

furface ; therefore, when the part of it A is fet contiguous to

the rubber fg, it muft induce a negative eleClricity in the

rubber. Now, when by turning the cylinder, another part

of it B (which fuppofe to have a lefs quantity of pofltive

eleClricity than the preceding part A) comes quickly againft

the rubber ; the rubber being already negative, and not being

capable of lofing that eleClricity very quickly, muff induce a

ftronger pofltive eleClricity in the part B, which is now oppo-

fite to it ; but this part B cannot become more pofltively elec-

trified, unlefs it receives the eleCtric fluid from fome other

body, and therefore fome quantity of eleCtric fluid pafles from

the lowed part of the rubber to the part B of the glafs, which

additional quantity of eleCtric fluid is retained by the part B

only
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only whilft it remains in contact with the rubber; for after

that, its capacity being diminifhed, the electric fluid endea-

vours to efcape from it. Thus we may conceive how every

other part of the glafs acquires the electric fluid, &c. and

what is faid of the cylinder of an electrical machine may,

with proper changes, be applied to any other eleCtric and its

rubber.

It appears, therefore, that according to this theory, a part

of the rubber, viz. that which the furface of the glafs cylinder

enters in turning round, muft ferve to furnifh the eleCtric fluid

to the glafs, and the upper part muft be poftefled of a negative

eleClricity capable of inducing a pofitive eleCtricity in the glafs

contiguous to it. In faCt, this feems to be confirmed by the

general practice and experience; for that rubber anfwers beft

for an ufual eleCtrical machine, which can eafily conduCt the

eleCtric fluid with its under part, and the upper part of which

is more ready to acquire, and to retain, the negative eleCtricity

;

hence the rubbers are generally furnifhed with amalgam below,

and with a piece of iilk above; hence alfo, if the cylinder

of the machine be turned the contrary way, it will produce

little or no eleCtricity.

It often happens, that the part which conducts the fluid,

and that which acquires the eleCtricity contrary to that of- the

eleCtric, are not fo difpofed in a rubber as the one above de-

fcribed ; but it remains always true, that the rubber muft be

poftefled of thofe two properties, viz. to conduCt the eleCtric

fluid very readily in one or more parts, and to acquire, as well

as retain, on other parts, an eleCtricity contrary to that ac-

quired by the eleCtric that is to be rubbed with it.

Litde St. Martin’s-Laae.

Nov. 7 . , 7 s 7 . T. CAVALLO.
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II. T/je Croonian Lefture on Mufcular Motion .

By George Fordyce, M. D . F. R . S.

Read November 22, 1787.

THE fubjedl of mufcular motion has been fo often con-

fidered, and in fo many lights, that it is hardly pofilble

to avoid many obfervations which are trite, and even puerile

;

which, when they occur, I beg the learned Society to forgive.

They will alfo find fo little new, or even nothing, that I

fhould be inexcufable in taking up their time, if the fubjedt was

not annually to be difcufifed before them. In confidering muf-

cular motion, I muff begin with fome obfervations on motion

in general, and with that well known, and felf-evident axiom,

that one particle of matter, confidered by itfelf, will remain

at reft if it be at reft, and will continue in motion if it be in

motion, and in the fame direction. This has been called the

vis injita
,
or vis inertia, of matter. It may be faid in other words,

that a fingle particle of matter being at reft, would therefore

always continue at reft, if it were not for fome external im-

pulfe made on it. This impulfe may be from fome other par-

ticle of matter in motion impinging upon it, and communi-

cating part of its motion to it, while it communicates an equal

quantity of its reft to the matter fo impinging upon it, fo that

the quantity of motion and reft (hall be the fame after the

impinging, in both bodies, as they were before : or, in other

words, a fimple particle of matter in motion would always

continue
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continue in motion, in the fame direction, if it did not meet

with another, on which it impinged ; and after the impinging,

there would be the fame quantity of motion and red: in both

bodies taken together, as was before. If we confider equal

motion, in direct contrary direction, as reft; motion, or red:,

produced in a body by the above means, I lhall call commu-
nicated.

If two fimple particles of matter, of any fpecies, not far-

ther diftant from one another than the fun is from the earth,

were both at perfect red, thefe two particles would indantly

begin to move toward one another, if no other particle of

matter whatever exided.

I do not mean to tire my learned Audience with demondra-

tion of proportions fo well known.

There would, therefore, be an impulfe, producing motion

between thefe bodies, without any contact.

Motions produced in this way, I call original motions.

The fird confideration with regard to any particular motion
,

is, therefore, whether it be an original or communicated mo-

tion. If it be an original motion, it will follow the laws of

that particular fpecies of original motion ; if it be a communi-

cated motion, it will follow the laws of communicated motion.

Many obfervations fhew, that mufcular motion is not a

communicated motion, and therefore an original one.

In any fydem of bodies, or particles of matter, affecting

one another only by the motions already exiding in them

being communicated to one another, they may diminifh their

motion, or bring one another to red ; but they never can in-

creafe the motion exiding in the whole. It happens frequently,

that the motions in the animal body are increaled, without any

alteration of external applications to it ; the caies are fo nume-

rous, that it is hardly worth bringing an example : we might

mention
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mention the increafe at times of the circulation, and all the

motions of the fluids without the leaft new motion in the fur-

rounding bodies, or interference, or even knowledge of the

mind. This motion muft therefore be original, and not com-
municated.

In communicated motion, if one body be at reft, and a mo-
tion be communicated to it by another, the power of the whole

motion fhall not be greater than that in the communicating

body at the time of the communication. If I take out the

heart of an animal, cut oft' the auricles, it will in many cafes

continue to contraCt and dilate for fome time. If it be left to

come to reft, and if foon after a needle be introduced into the

ventricle, placed tranfverfely, and if the interior furface of the

ventricle be pricked gently by the needle, the ventricle will

contract with fuch power as to force the needle deep into it

:

in this cafe, the force of the contraction of the ventricle is

much greater than the power with which it was pricked by

the needle; this contraction was therefore not communicated

to it by the moving needle, but was generated, and therefore

an original motion.

In all communicated motion, by which two bodies at a dis-

tance are brought near to one another, there muft fublift fome

other matter, by which they may be drawn, or forced, nearer

to one another ; but in original motion, it is not at all neceflary

that any other matter fiiould exift at all. Two particles,

placed at as great a diftance from one another as the fun is from

the earth, as has been already obferved, although at perfeCt

reft, would begin to move nearer one another, by the attraction

of gravitation, if all other matter whatever were annihilated.

Moft authors who have treated on mufcular motion have

fuppofed, that it was a communicated motion ; and that it was

You LXXVIII. E produced
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produced by fomething palling by the nerves, from the brain to

the moving part. Three doctrines have been fet forth ; one,

that there is a fluid palling along the nerves ; a fecond, that

there is a vibration ; and a third, that the nerves are furrounded

with fomething like eledlric matter, in which motion runs

from the brain to the moving parts. Thofe who have conli-

dered this fubjedt mult be tired of the arguments which have

been brought to refute each of thefe ; for no argument from

fact has been employed to prove any one of them : I lhall

therefore leave them as mere chimeras of the brain. I

have taken notice, that it is not requiftte for any motion to

pafs between twro bodies, exciting in each other an original

motion, through or by any other matter : I have alfo (hewn,

that mufcular motion is an original motion : it follows, that it

is not neceflary for any motion, or communication, to pafs

through any other matter, in order to bring the mufcular fibres

into adtion.

One cafe of mufcular motion is, when a ftimulus is applied

to fome part of the body, and a mufcle at a diftance imme-

diately contradls. It has been fuppofed in this cafe, that fome.

influence was communicated to the nerve of the part where the

ftimulus w’as applied, and through it to the brain, and from

the brain through the nerves of the contradling mufcle.

Granting, for a little, that fome motion may pafs along the

nerves, and therefore that the end of the nerve, where the

application was made, may be the part- in which the original

motion began, the ftimulus frequently does not touch the end

of the nerve; for if vapour of volatile’alkali be applied to the

loftrils, an univerfal glow of heat, and inCreafed circulation,

will conftantly take place ; but the vapour of the volatile alkali

could not touch the nerves of the noftrils, the membrane

4 being
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being conftantly covered with mucus, which the vapour could

not penetrate without diflolving it, which it had not time to

do, and, if it had, would have united with it, fo as to form a

foap, void of any Simulating power.

Ir, therefore, the original motion began in the end of the

nerves of the noftril, it muft be excited by a fubftance at a

diftance from the end of that nerve, without any communica-

tion of motion between the ftimulus, that is, application pro-

ducing the motion, and the end of the nerve in which it is

excited ; therefore, on any fuppofition, a ftimulus is capable

of exciting a motion, in a part at a diftance, without any

communication of motion ; and it is therefore not neceffary,

that the nerves fhould be at all employed in the motions of the

body excited by a ftimulus, as it can aCt at a diftance without

their intervening. Further, that the nerves are not employed in

the motions excited by ftimuli, is evident from this experiment t

take the heart out ofa living animal, cut all the nerves offas clofe

as poffible, lay it in nearly the heat of the body of the animal,

it will continue to contract for fome time. As foon as it has

ceafed contracting, prick a fibre in one of the ventricles ; both

ventricles, and all their fibres, will contract inftantly, although

there be now'' no communication by the nerves, between many

of the contracting fibres, and the fibre ftimulated. It might

be fufpeCted, that the motion of the fibre ftimulated might

affeCt the others: in this cafe the contractions would be pro-

gtefllve ; but, on the contrary, the whole contraCt at once.

I cannot help bringing another inftance, where ftimuli

produce aCtion in parts at a diftance, without any communica-

tion of motion by the nerves. When infufion of cantharides

is applied to the fkin, as we fay vulgarly, it is not applied im-

mediately to the Ikin ; but in the firft inftance to the mucous

E 2 and
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and febaceous matter, which every where covers the fcarf

ikin ; under this lies the fcarf ikin, which the infuiion can

hardly be conceived to come at ; if it did, the fcarf ikin we

know is perfectly impenetrable to fuch a fluid ; it can there-

fore never touch the Ikin, in which it excites inflammation,

and on which it therefore ails at a diflance, and excites mo-

tion, which no one can fufpeit to come through the nerves :

nor is there any motion through the mucus and fcarf Ikin, of

any other kind than would arife if an infufion of any other

infeil had been applied, which had no power of exciting

inflammation. ~
*

From what has been faid we may conclude, that when a

flimulus has been applied fo as to excite motion in a diftant

part, no motion whatever takes place in the nerves, or is com-

municated by them from the part to which the flimulus is

applied to the moving part.

I need not draw your attention to another propofuion, viz,

that when a flimulus is applied to a diflan
t
part, fo as to pro-

duce motion, it often happens, that the flimulating matter is

not carried by the blood-veflels, or otherwife, to the moving

part. This propofition has often been demonflrated, and is

well known.

All the original power exerted by any of the moving parts

confifts in a power of particles coming nearer one another ; for

every mufcle or fibre becomes fhorter when it ads ; or, in

other words, contrails ; and every other moving part in like

manner contrails when in aition. It is true, that there are

many contrivances to make the contrailion. have great effcil in

producing motion, force being never fpared for conveniency,

as my friend Mr. Hunter has, 1 believe, already fet forth to

my learned audience : but, neverthelefs, it is clear from every

3 experiment
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experiment made on the iubjeCl, that all motion arifes from

particles coming near one another in fome direction. It would

be fuperfluous for me to point out thefe experiments
; I fhall

mention one only, and an obvious one. Lay bare a mul'cle,

and prick any of its fibres, it immediately becomes fhortcr.

The original power of coming nearer to one another of two

or more particles of matter, has been called attraction. There

have been feveral original powers of coming nearer one ano-

ther of particles of matter, which have been conlidered as dif-

ferent attractions, fuch as the attraction of gravitation, of

magnetifm, of eleCtricity, &c. ; all of which this Society are

too much matters off, for me to enter into any difquifition

with regard to them.

The attraction which is my prefent objeCt, I call the attrac-

tion of life. This attraction is either of two fpecies, or is

exerted varioufly ; for all the moving parts have their particles

nearer one another in the living than in the dead body. The

proof of this is as neceffary as it is obvious. I muft, there-

fore, take up a fmall portion of your time in pointing it out.

Take the body of any animal, when the life is entirely gone

from it, and the effeCts of it are entirely loft, but before any

putrefadion, or any change in its chemical qualities, has taken

place ; and lay bare, and difteCt out, any mul'cle, efpecially one

which has long fibres, and no middle tendon, fuch as the fario-

rlus, for example, and afterwards lay it in its place, leaving it of

the length it naturally takes ; it will reach farther than from

its origin to its infection ; but lay bare, and diffeCt out, the

fame mul'cle in the living body, and it will always be fhorterr

than from its origin to its infertion If it fhould be faid, that the

difleCtion ftimulated the mul'cle, and brought it into ad ion,

let it not be difleCted out, but its -tendon cut through, as the

Tendo .
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Lendo dchillis
,

for inftance, the fame thing will happen.

And we now are all convinced, from various experiments, that a

tendon in a found {fate is not capable of being Simulated by

being wounded, cut through, or broken.

I apprehend, then, that we may conclude, that all the

moving parts are coiiftantly contracted, that is, their particles

are nearer one another when the body is alive, than when dead,

and totally left to their elasticity. This fpecies of action I call

the tone. The fecond fpecies, or variety, which occurs in the

attraction of life, is when a moving part, for a fhort time, has

its particles brought nearer one another than they are from their

tone, and which very rarely continues for many feconds of

time without intermediate relaxation. I call it their adtion ;

when it does continue for a longer time, it is called fpafm

;

%which, however, is fo vague a term, that I could wifli totally

to rejeCt it, at leaft to confine it only to this fenfe, m. a greater

contraction, or coming nearer one another of the particles, of a

moving part, than that which would happen from their tone,

remaining without any intermediate relaxation.

I for the prefent do not mean to fay any thing farther with

regard to the tone, or fpafm of parts ; but only to call to your

conlideration the aClion, as excited by applications to fome

part of the body at a diftance from the moving part. I have

already rejected all communication by the application, or fti-

mulus, being carried by the blood-veffels, or any other way

whatever, to the part, I have alfo rejected any motion, or

communication of any kind whatever by the brain and nerves

to the part. I conceive, that when any ftimulus or application

whatever is made in any part, fo as to produce any aCtion in

a diftant part, that that medicine or application, without hav-

ing any operation whatever on the intermediate parts, gives a

power
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power to the particles of the moving part of greater attraction.

I (hall illuftrate this idea by fuppofing, that there is a machine
moving by various powers, either original or communicated

;

and that in this machine there are two magnets, which by
their attractive power have come to a given diftance from one

another, but have been prevented from coming nearer by lome

power endeavouring to draw them back. A much Wronger

magnet applied to a part of the machine, in a certain manner,

fo as not to touch either of the two already there, nor to affeCt

any other part, may increafe their power of attraction, fo as

to make them overcome the refinance, and come nearer one

another *.

In the fame manner, I apprehend, that an application made

to the (kin of the abdomen may, and often does, occafion the

aCtion of the inteftines to take place, without any efFeCt what-

ever on the intermediate parts ; but that it (imply excites the

attraction of the particles of the moving parts of the in-

teftines ; certainly a part of the matter through which the in-

fluence is to pafs, vi%y the mucus and fcarf (kin, is actually

inanimate matter.

In certain cafes of original motion, there Is attraction, or

the coming nearer of particles only. In others, there is not

only attraction, but oppofite repulfion ; the cafes of which are

imnecefiary to enumerate to this Society. In the attraction of

life there is no oppofite repuldon ; all the motions of the body

are produced entirely by the force of particles coming nearer-

one another. When this force diminifhes, or the aCtion goes

oft, and leaves the part entirely to its tone, the particles of the

moving part are by no means repulfed from one another, but

* I do not mean to infinuate, in the fmalleft degree, that the powers of the

body at all depend on, or havs any thing to do with, magnet ifm.
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are left to be drawn afunder by their elafticity, weight, or the

weight of the furrounding parts, or any other accidental

power : but, neverthelefs, there are applications which may
be made to diftant parts of the body, which may, and do,

take off the attraction which occafions the aCtion of the mov-

ing part ; and all thofe reafonings which I have already applied

to applications which excite aCtion, and which are called fti-

muli, are equally applicable to thofe applications which make

aCtion ceafe, and which we call fedatives.

The great ground on which I have attempted to make thefe

obfervations, is the foundation of certain maxims in the prac-

tice of medecine, which I fhali now proceed to fketcli out to

the Society, whofe institution, to me, has always feemed to

include the philofophy, but not the aCtual practice, of medi-

cine.

Medicine is a fcience of long cultivation in that chan-

nel in which all the fciences have flowed, and had early

attained great perfection, I believe, from the teftimony of

various writers of antiquity, and other circumftances, which

I pafs over as well known to many of this learned body,

and too foreign a digreflion from our prefent fubjeCt : for

although Cels us obferves well, that there could be no

phyficians among the Greeks at the time of the Trojan

war, inafmuch as Homer never mentions one medicine, but

only application to the Gods for the cure of fevers, and other

internal difeafes
;
yet the Egyptians, from whom the Greeks

received a great part of their knowledge in all fcience, as well

as in medicine, had certainly not only regular phyficians

for internal difeafes, but likewife ftone-cutters, oculifts, au-

rifts, &c. long before the Trojan war ; and Hippocrates,

by his own teftimony, took much of his knowledge from

what he calls the ancients. In the progrefs, therefore, of the

fcience
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fcience of medicine, it came into my mind to enquire how far,

and on what ground, the modern increafe of fcience in ana-

tomy, chemiftry, mathematics, &c. had forwarded the know-
ledge of medicine. In the firft place, it is well known to my
learned Audience, that medicine was in the hands of Greek

phyficians from the time of Hippocrates, or rather from the

deftrudtion of the Egyptian monarchy by Cambyses, down
to the time of the Crufades ; in all this time there was hardiy

a diffe&ion of the human body, from an opinion about manes ;

but when it came into Europe again, where this opinion re-

mained indeed, but in a much lefs degree, anatomy began

again to flourilh ; and by other means all the other fciences

ihone forth with a greater luftre than they had ever done in

any period handed down to us by hiftory of any nation. It was

obvious therefore to conceive, that the knowledge of the

ftrudture of the body, and the inveftigation cf the powers of

matter, made in a more accurate manner, and on a more ex-

tenfive fcale, would elucidate the dodtrine of the human body,

and its difeafes, and their treatment, in a new and more per-

fect manner : to this opinion I mean now to apply the reafon-

in<r I have before laid down.o
In the ftrudture and phyfiology of the body, two great dis-

coveries have been made by the moderns ; the circulation of

the blood ; and the lymphatics, and abforption of the lymph.

Thefe at once overthrow the ideas of the ancients with regard

to moft of the functions of the interior parts of the body ;

which was now conceived by many to be an hydraulic ma-

chine, and fubjedl to all thofe diforders which were incidental

to fuch a machine ;
and particularly, from various fluids flow-

ing with great rapidity, through tubes, many of them of

infinite finenefs, that ftoppages muft often take place, which

Vol. LXXVIII. F were
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were to be removed by diflolving out the obdrudling matter

that the blood was mixed fo perfectly through all the body,

and fo condantly, that the fame blood mud be taken away,

whatever blood-veffel was opened; and when we contemplate

the numerous openings and communications of the veflels

with one another, that blood flowing out of any one will

empty them all equally, and that, therefore, it can be of no

confequence from what part of the body blood is evacuated.

In a pleurify, for inftance, where can be the difference, whe-

ther blood be taken from the right or left arm, or from the

veffels of the fkin of the bread ? But there is a difference, and a

great one too ; fince taking a much lefs quantity of blood from

the fkin of the bread, is actually known, in certain cafes, from

experience, to cure a pleurify, than would have had that efteT

if taken from the veflels in the arm, and will even carry off

thedifeafe, when it could not be carried off at all by evacuation

from the arm :
yet it is undoubtedly the very fame blood in all

its qualities ; and in both cafes the vedels of the pleura are

equally emptied. The a61 of flowing out of the blood from

the veflels of the fkin of the bread then has an immediate

action on the adion of the moving parts in the pleura, and car-

ries off the inflammation independent of the circulation, or

any of its laws ; and fo far has the knowledge of the circula-

tion been of any advantage in this cafe, that it had nearly

thrown out topical bleeding in inflammation, which is one of

our mod powerful remedies in the difeafe. In like manner,

when the moving fibres of the domach do not contrail, fo as

to expel any vapour that may get into it, a fpice applied to the

fkin over the domach will, in many cafes, occafion thefe

fibres to contrail. Now it is well known from anatomy, that

there is no communication between the fkin of the abdomen

and



on Mufcular Motion
. j

~

and the ftomacli; and if the fpice were to aft by touching
thefe fibres, it would be the fame, whether it was applied to

the Ikin over the flomach, or to the Ikin of the arm; for in

both cafes it muft be abforbed by the lymphatics, and carried

to the left fide of the heart, and there and in the lungs be

blended univerfally with the whole blood, and carried by the

arteries to the moving fibres of the ftomach. Nay more, that .

it would be equal, whether it was applied to the inner furface

of the flomach itfelf, or to the external lkin, or any other

membrane, of any other cavity : for the flomach is covered

with mucus, and lined with a membrane which is perfectly

impervious, and totally prevents any thing contained in the

flomach from being any way applied to the moving fibres ; it

muft in this cafe, therefore, be likewife taken up bv the

lymphatics, or laCteals, and carried to the heart before it

could touch the moving fibres of the flomach. The maxim
then, arifing from our knowledge of the lymphatics, would

be, that it was of no confequence where we applied a fpice in

cafes of flatulency ; which is not true. By fimilar reafons it

might be eafily fhewn, were it not for tiring my learned

Audience, that all the knowledge of the properties of the

fluids, which has been acquired by modern and accurate expe-

riments, hardly contributes any thing to the knowledge of

applying medicines for the cure of difeafes ; and that the ftudy

of the laws of the attraction of life, or what has been called

mufcular motion, is of confiderable importance.

One more obfervation I have only to make, viz. that all

original motions are by their nature perfectly unintelligible as

to their caufe ;
who can tell the caufe of gravity, chemical

attraction, &c. ? and fo undoubtedly the attraction of life, in

its caufe can never be inveftigated, being, like all other attrac-

F 2 tion.
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tion, a power which two or more particles of matter have of

coming nearer one another. But although the finely of caufes

of original powers be totally abfurd and futile, yet the laws of

their aCtion are capable of invefligationi by experiment, and

applicable to the evolving much ufeful knowledge. Need I

remind this Society, that the inveftigation of the laws of gra-

vitation, by Sir Isaac Newton, has rendered it immortal ?

The inveftigation of the laws of the attraction of life has alfo

been greatly forwarded by one of its prefent members ; but it

is an inveftigation which will probably require ages to render

perfeCt,

/
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III. An Account of a Mafsof native Iron, found in South-America,

By Don Michael Rubin de Celis. Communicated by Sir

Jofeph Banks, Bart. P. R. S.

Read November 22, 1787.

Memoria que remite a la R. Sociedad de Londres D. Miguel
Rubin de Celis, Cavellero del Orden de Santiago, Teniente

de Fragata de la R. Armada de S. M. C. Academico cor-

refpondiente de la R. Academia de Marina de Francia, y de

la R. de la Hiftoria de Efpalia.

HAZE mas de treinta ahos que en las provincias del gran

Chaco Gualamba, de adonde varias Naciones barbaras

arrojaron a los Efpanoles, y defde cuio tiempo efta quafi defierta

la parte meridional del Rio Bermejo, y occidental del gran

Parana, los pocos Indios que fe hallan en la jurifdicion de San-

tiago del Eftero, teniendo por unico exercicio el facar Mi'el y

Cera de los montes, de la que hay una cantidad prodigiofa en

los arboles, defcubrieron en el medio de un campo un trozo

de metal que llamaron fierro puro, y .que fobrefalia de la tierra

por una banda cofa de un pie, y fe vela quafi toda fu cara

fuperior : anunciofe a los Virreyes del Peru, como un defcubri-

miento raro, y con razon al parezer, pues donde no hay mon-

tanas, ni la mas pequeha piedra en cien leguas al rededor, una

cofa femejante merezia el nombre de maravillofa, fin embargo

de conflar haber en Europa minas de fieri o pmo. JtijLo paiti-

culares que con riefgo eminente de fus vidas, ya por la efcafez

de aguas, que no hay fino la que en tal qual cavidad natural fe

recoje de las llubias, ya por la efcazez de viveres, ya por el

' riefgo.
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riefgo de los Indios barbaros, ya por los varios animates ferozes,

como Tigres, Leopardos y Antas, ya por los muchos reptiles

ponzoiiofos, ya enfin por las infmitas efpefuras, fe arrojaron,

quiza feducidos de la codicia, a hazer la trabefia para extraher

algo de la materia : remitieron de ella a Lima y Madrid, donde

no fe adelanto otra cofa que ponerla el nombre de fierro mui

dulze y mui puro. Como que el fierro, por razon politics, no fe

trabaja en aquel continente, aunque de el hay muchas minas,

y como que fe afeguraba que la veta del fierro corria muchas

leguas, fiendo afi que lo viido folo era uti crefion fobrefaliente

a la tierra, y que defpues de efcavado tenia tres varas de N. a S.

dos y media de E. al O. y una terzia de alto, me deftino el

Virrey del Rio de la Plata a que examinafe prolijamente la dicha

mafa, y en el cafo de fer mina, y util, proyedtafe fob re Poblacion.
/

Sali con competente efcolta, a principios defebrero de ochenta y
tres, del Rio Salado, antigua reduccion de los Indios Vilelas,

figuiendo el Rumbo de E. I N.E. bien que debi feguir el del

E. I S.E. todo corregido.

El afpe&o del pais que media entre el Rio y la Mina, difiante

fetenta leguas de la Reduccion, es mui curiofa; una llanura im-

menfa, alternada de montes efpeciffimos y campos fertiles, forma

la mas agradable perfpe&iba.

Obferve la latitud de la mina 27 gr. y 28 min.

No hay Poblacion alguna en toda la travefia, por efcafez de

aguas manatitiales : la que gaftan los meleros, que en pequenas

caravanas refiden la maior parte del ano meleando en los montes,

es la llovediza como fe ha exprefado. Eftos y algunas tribus de

Indios errantes y barbaros, cnia vida es femejante a la de Jos

Tartaros, que en cierta eftacion del ano vienen de las marjenes

delRio Vermejo a cabar o facar una raiz filveftre llamadaKoruu :

que folo la mafcan continuamente, fiendo para ellos de primera

neceffidad
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neceffidad, afi para preferbarfe de los efedos de una atmofphera

infcftada, como de las mordeduraspontinuasde los reptiles ponzo-

nofos : fon las unicas gentes que fe hallan en eftos dilatadiffi-

mos y amenos Campos.

El quinze llegue a los nombrados de Otumpa, donde fe hal-

lava la mafa quafi enterrada en pura greda y cenizas.

La apariencia exterior era de fierro perfeclamente compado
;

no alii la interior, como puede verfe en las cavidades que mani-

fieftan los cortes de los pedazitos, lo que induze a creer haber

eftado liquida en algun tiempo : fortihca efta idea una porcion

de trazas exteriores en la parte fuperior ; fe hallan las de pies y
manos de Hombres de crecida efiatura, las de pies de varios

paxaros grandes communes en aquellos campos: y aunque

perfectas las tales trazas no dejo de perfuadirme a una de dos

cofas, obien que fea un capricho 6 accidente natural, obien

que en el fuelo, antes de caer alii aquella mafa, exiftieren las tal-

es huellas, y que en la caida de la mafa liquida hubiefen reful-

tado en la parte fuperior. A nada fe afemeja tan to como a un

amafijo de pan que, delpues de haberfe en el eilampado pies

manos y metido un dedo, fe hubiefe ferrifkado.

Empeze a cortar con los cinceles, y para facar veinte y cinco,

6 treinta libras, fue neceffario romperlos todos en numero de

fetenta.

Hize cavar al rededor del trozo, quien por la parte inferior

tenia una capa del gruefo de quatro 6 feis pulgadas de efcoria,

procedida de las humedades de la tierra; por la fuperior eftava

limpio.

Defprendido de la tierra, le hize dar una media buelta con pa-

lancas, y cabe en la camaa baftante profundidad. No contento

conftrui dos hornillos, que vole, y con cuidado examine la

tierra mas profunda, y la halle perfedamente femejante a la

7
fuperior,
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fuperior, a la de todos aquellos campos, y a la de dos pozos que

hize abrir a dillancia de fefenta 6 cien pafos del trozo y direc-

tion del E. O,

El no encontrar ralz ni ferie de generacion, avivo mas la

admiracion mia, y empeze a difcurrir de elle modo.

O ella mala fe crio aqui, o fue traida 6 arrojada ? Criarfe aqui

no es pofible, fegun el conocido proceder de la Naturaleza: fer

trahida de donde, para que, 6 como ? de donde, no haviendo

en centenares de leguas minas de fierro, ni memoria de que fe

hubiefen trabajado en el Reyno ? para que ? llendo de una ma-

teria fin efrimacion, no pudiendofe ufar, y fiendo aquel un ter-

reno el masefcufado o inavitable de todoel Chaco, porla efcafez

de aguas j como ? no teniendo noticia de que los Indios hayan

conocido jamas las maquinas de acarreo ; con que habra fido

arrojada por algun volcan.

Las razones que induzen a creer eflo fon varias. Regular-

mente los volcanes dejan defpues de volados algunos pozos de
0

agua, unas vezes termales, y otras frias : al E. del trozo, y dif-

tancia como de dos leguas, fe halla vna aguadita ballante

talobre vnica y manancial por todo aquel pais. En todo lo que

camine del Chaco no obferbe a la villa diferencia ninguna de

nivel en el terreno : folo en la imediacion a ella aguadita hay

vna rampa que corre N. S. y que por particular feme hizo no-

table antes de ver el trozo. Graduando poder tener de diferen-

cia de nivel con el refto del pais de quatro o feis pies : las

imedinciones ala papa o trozo, y ala aguadita, eftan cubiertas de

una efpecie de tierra menuda como la ceniza, y quafide fu color :

el Pallo de elfas imediaciones, llamado Ahuvi, es fumamente

pequeho, delgado, y aborrecido de los animales, afi como mui

alto y mui grato a ellos el que ella algo feparado del trozo y de

la aguadita : a pequeha profundidad en ella fe encuentran unas

2 piedras



a Mafs of Native Iron
. ^ r

piedras quarzos de un encarnado hermofo, las que hail ufado los

meleros folo para encender fuego : hay noticia de haber aquellos

trahido tres pequehas por particulares en fu color, y unas pintns

doradas ; una de ellas del pefo de una onza vino a poder del Go

-

vernador de Armas de Santiago del Eftero, quien me dijo haberla

echo moler, y me moflrb mas de un adarme de oro que de ella

fe havia extraido. Es indudable que entre aquellos immenfos

bofques exifle un Arbol con fus rarnas de puro fierro; foil mu-

chos los Indios que le hail viftoj y los de la reduccion llamada de

Avipones faben fu verdadero lugar e

. un Europeo diftinguido

vezino de la Cuidad de Salta lo ha tocado : la caida o inclinacion
. . . < i

del trozo es del E. al O. haviendo dejado vna efpecie de corte

al E. cuia direflion es N. S. de efle corte es de donde fe pudieron

extraer con cinceles los pedazitos de metal : luego con eflos

antecedentes no es violento formar efla Ypotefi.

Volofe el volcan en la aguadita filobre, lebanto VIia porcion

de tierras que por fu poca gravedad fe quedaron en la imedia-

cion ; aunque al principio amontonadas, las continuas aguas del

Chaco, que fe halla inundado la terzera parte del aho, las ha

ido igualando con el otro terreno : la direccion de la materia

grande arrojada fue del E. al O. y como pefada alcanzo a la

diftancia en que fe encuentra : alguna otra porcion de materia

mas pequeha, y acafo mas fluida, ie feparo a otro rumbo, haciendo

canales, al modo que quando fe arroja un bafo de agua ; efla pe-

queha materia ya fria, y lamida con las aguas la tierra que al prin-

cipio la foflenia, devio de formar lo que hoy fe llama arbol de

fierro : las materias falitrofas y antimoniales, que accompahan de

ordinario a todo mineral, devieron igualmente efparcirfe y in-

fertelizar los contornos
1

.

En el Reyno de Santa Fee de Bogota fe encuentra la Platina

en polbo mefclada con el oro :
pocos ignoran la mucha afinidad

Vol. LXXVJII. g quc
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que tienen eftos dos metales, con que no feria extrano, fegun cl

conjunto de todas eftas razones, que el fuego del volcan hubiefe

derretido la Platina, y arrojadola como materia fuperior a la

de oro, que era inferior. Efte principio de los volcanes es el mas

natural para comprobar el porque fe hallan tambien fueltas las

afamadas papas de Plata de Guantajaia, fobre cuia formacion

fe han dicho exquifitas extravagancias y ridiculezes.

Cubicado fobre poco mas o menos, reputando la gravedad ex

-

pecifica del metal algo maior como lo es que la del fierro, ven-

dra a pefar mas de trefcientos quintales.

El Cav. MIG. RUBIN DE CELIS.
R. Ifla de Leon,

2 de Junio de 1786.

Some fpecimens of the Iron accompanied this Paper, and

were laid before the Society ; who afterwards prefeoted them

$o the Britilh Mufeum. C. B.

>
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IV. Frigorific Experiments on the mechaiwal ex-

pansion of Air, explaining the Caufe of the great Degree of
Cold on the Summits of high Mountains

, thefudden Condenja-

tion oj aerial Vapour
, and of the perpetual Mutability of

atmofpheric Heat . J3y Erafmus Darwin, M. D. F. R. S. ;

communicated by the Right Honourable Charles Greville,

F. R. S.

Read December 13, 1787.

HAVING often revolved in my mind the great degree of

cold producible by the well known experiments on

evaporation ; in which, by the expanfion of a few drops of

ether into vapour, a thermometer may be funk much below

the freezing point ; and recolle&ing at the fame time the

great quantity of heat which is neceflary to evaporate or con-

vert into fleam a few ounces of boiling water ; I was led to

fufpeft, that elaftic fluids, when they were mechanically ex-

panded, would attrafl or abforb heat from the bodies in their

vicinity ; and that, when they were mechanically condenfed,

the fluid matter of heat would be preflfed out of them, and

diffufed among the adjacent bodies.

As this principle might poflibly be extended to elaftic folid

bodies, as well as to fluid ones, and explain the caufe of the

heat occafioned bv percuflion or fridlion, and by fome chemi-

cal combinations, as well as the perpetual mutability of it in

G 2 the
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the atmofphere, I have, at different times, endeavoured to fub-

jecl it to experiment.

i. When Dr. Hutton of Edinburgh, and Mr. Edge-

worth of Edgeworthtown in Ireland, were with me about

twelve or fourteen years ago, the following experiment, which

had been propofed by one of the company, was carefully

made, The blaft from an air-gun was repeatedly thrown on

the bulb of a thermometer, and it uniformly funk it about two

degrees. The thermometer was firmly fixed again ft a wall,

and the air-gun, after being charged, wT
as left for an hour in

its vicinity, that it might previoufly lofe the heat acquired in

the aft of charging ; the air was then difeharged in a conti-

nued ftream on the bulb of the thermometer, and the event

fhewed, that the air at the time of its expanfion attracted or

abforbed heat from the mercury of the thermometer.

In March 1785, by the afliftance of Mr. Fox and Mr.

Strutt, of Derby, a thermometer was fixed in a wooden

tube, and fo applied to the receiver of an air-gun, that, on dif-

charging the air by means of a ferew prefling on the valve

of the receiver, a continued ftream of air, at the very time of

its expanfion, palled over the bulb of the thermometer. This

experiment was four times repeated in the prefence of many
obfervers, and uniformly funk the thermometer from five to

feven degrees. During the time of condenfing the air into the

receiver, there was a great difference in the heat, as perceived

by the hand, at the two ends of the condenfing lyringe ; that

next the air-globe was almoft painful to the touch ; and the

globe itfelf became hotter than could have been expefled from

its contact with the fvringe. Add to this, that in exploding t

an air-gun, the ftream of air always becomes vifible, which is

owing to the cold then produced precipitating the vapour it

contained
;
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contained ; and if this flream of air had previously been more
condenfed, or in greater quantity, fo as not inflantly to acquire

heat from the common atmofphere in its vicinity, it would
probably have fallen in Show, as in the fountain of Hiero,

mentioned below.

2. About twelve or fourteen years ago, by the affiflance of

Mr. Waltire, a celebrated itinerant teacher of philofophy,

a thermometer was placed in the receiver of an air-pump, and

fome time being allowed, that it might accurately adapt itfelf

to the heat of the receiver, the air was haftily exhaufled ;

during which the mercury of the thermometer funk two or

three degrees, and after fome minutes regained its previous

height. In November 1 787, by the aflifrance of my very ingenious-

friend Mr. Forester French, the above experiment was re-

peated ; but with this difference, that the thermometer was open

at the top; fo that the diminution of external preffure could

not affect the dimensions of the bulb; and the reiult was the

fame, the mercury in the thermometer funk two or three tie-

grees, and gradually rofe again. Does not this Shew, that the

air in the receiver, being expanded during the exhauftion,

attra&ed or abforbed heat from the mercury in the thermo-

meter ?

Both during the exhauflion, and during the re-admiffion of

the air into the receiver, a fleam was regularly obferved to be

condenfed on the fides of the glafs, which in both cafes was

in a few minutes re-abforbed. This fleam mufl have been

precipitated by its being deprived of its heat by the expanded

air : if it could have happened from any other caufe, the

vapour could not, in both fituations, viz. of exhauflion, and

of re-admiffion, have been taken up again.

I 3. lit-
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X. In December 1 784, with the afliflance of Mr. Fox, the

following experiment was carefully made. A hole, about the

flze of a crow-quill, was bored into a large air-veflel, placed at

the commencement of the principal pipe in the waterworks

which fupply the town of Derby. The water from four

pumps, which are worked by a water-wheel, is fl rd thrown

into the lower part of this air-veflel, and from thence rifes to

the top of St. Michael’s Church into a refervoir, which may be

about thirty-five or forty feet above the level of the air-veflel.

Two thermometers were previoufly fufpended on the leaden

air-veflel, that they might become of the fame temperature

with it; and, as foon as the hole was opened, had their bulbs

reciprocally applied fo as to receive the dream of air ; and the

mercury in both of them funk two divifions, or four degrees.

This fluking of the mercury in the thermometers could not

be aferibed to any evaporation of moidure from their furfaces,

becaufe it was feen, both in exhauding and re-admitting the

air into the exhauded receiver, that the vapour which it pre-

vioufly contained was depolited during its expanfion.

4. There is a very curious phenomenon obferved in the

fountain of Hiero, condrubted on a very large fcale in the

Chemnicenflan mines in Hungary, which is very fimilar to the

experiments above related. In this machine the air, in a

large veflel, is comprefled by a column of water 260 feet high :

a dop-cock is then opened, and as the air iflues out with great

vehemence, and, in confequence of its previous condenfation,

becomes immediately much expanded, the moidure it contained

is not only precipitated, as in the exhauded receiver above-

mentioned, but falls down in a (hower of fnow, wflth icicles,

adhering to the nofel of the cock. This remarkable circum-

dance
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ftance is defcribed at large, with a plate of the machine, in the
Philofophical TranfaCtions for 1761, Vol. LII.

5. From the four experiments already related; firft, of the

mercury finking in the thermometer, by being expofed to the

ftream of air from an air-gun ; fecondly, from its finking in

the receiver of an air-pump, during the time of exhauftmg it

;

t y , f1 om iti> finkmg when ex poled to a flream of air from
the air-veflel of a water-engine; and, laftly, from the curious

phenomenon of liiow and ice being produced by the flream of

expanding air from the fountain of Hiero in an Hun " irian

mine ; there is good reafon to conclude, that in all circum-

flances, when air is mechanically expanded, it becomes capable

of attracting the fluid matter of heat from other bodies in.

contaCt with it.

1

Coldnefs of the Summits of Mountains.

Now, as thevaft region of air which furrounds our globe is

perpetually moving along its l'urface, climbing up the lides of

mountains, and defeending into the vallies
; as it pafles along,

it mult be perpetually varying its degree of heat, according to

the elevation of the country ir traverfes . for in rifing to the

fummits of mountains it becomes expanded, having fo much

of the preffure of the luper -incumbent air taken away, and,

when thus expanded, it attracts or ablorbs heat from the

mountains in contiguity with it ; and when it defeends into

the valley, and is again comprefled into lefs compafs, it again

gives out the heat it has acquired to the bodies it becomes in

contaCt with.

The fame thing muff happen in refpeCt to the higher regions-

*f the atmofphere, which are regions of perpetual frofr, as

3 was
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was always fufpe&ed, and has of late been demonflrated by

the aerial navigators. When large diftridts of air from the

lower parts of the atmofphere are raifed two or three miles

high, they become fo much expanded by the great diminution

of the prelfure over them, and thence become fo cold, that hail

or fnow is produced from the precipitated vapour, if they con-

tain any : and as there is, in thefe high provinces of the atmo-

fphere, nothing elfe for the expanded air to acquire heat from,

after the precipitation of its vapour, the fame degree of cold

^continues, till the air, on defcending to the earth, acquires

again its former ftate of condenfation and of warmth.

The Andes, almoft under the line, refts its bafe on burning

fands ; about its middle height is a moft pleafant and tempe-

rate climate, covering an extenfive plain, on which is built

the city of Quito ; while its forehead is incircled with eternal

fnow, coeval perhaps with the elevation of the mountain :

yet, according to the accounts of Ulloa, thefe three dis-

cordant climates l'eldom intrench much upon each other’s terri-

tories. The hot winds below, if they afcend, become cooled

by their expanfion, and hence cannot affedl the fnow upon the

fummit ; and the cold winds, that fweep the lummit, become

condenfed as they defcend, and of temperate warmth, before

they reach the fertile plains of Quito.

Correfpondence of the Heat of the Atmofphere 'with the Height of

> the Barometer.

From this principle fome of the fudden changes of our

atmofphere from hot to cold, aud from dry to moiid, may
likewile be accounted for. During the laid year I frequently

obferved, that when the barometer rofe (the wind continuing

in
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in the fame quarter, viz. N.E. or S.W.) the air became many
degrees warmer. A fimilar fa£t is related from Musschen-
broek, in Mr. Kir wan’s ingenious work on the Temperature

of different Latitudes ; viz. that in winter, when the mercury

in the barometer defcends, the cold increafes. More accurate

obfervations on this fubjeft, when the air is ftationary, or

when the wind continues in the fame quarter, might lead to

the difcovery of the quantity of heat fqueezed out of the air

by a certain p reflu re.

The Devaporation of aerial Moijlure .

As heat appears to be the principal caufe of evaporation, as

well as of folution, and of fluidity in general, the privation of

heat may be efteemed the principal caufe of devaporation : for

though the air may, by its own power of attraction, or by

means of the electricity it may contain, diflolve and fuf-

pend a portion of water, as water diffolves and fufpends a por-

tion of fait
;
yet, by the application of cold, thefe are reflec-

tively precipitated ; and therefore heat mav be aflumed as the

immediate caufe of thefe folutions. Add to this, that water

boils in vacuo with lefs heat; that is, it evaporates in vacuo

fafler or eafier than in the open air, and therefore the attractive

power of the atmofphere does not feern neceflary to evapo-

ration.

Now, when the barometer finks (from whatever caufe not yet

underflood this may happen) the lower ftratum of air becomes

expanded by its elafticity, being releafed from a part of the

fuper- incumbent prefl'ure, and, in confequence of its expan-

fion, robs the vapour which it contains of its heat; whence

Vol. LXXVI1I. H that
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that vapour becomes condenfed, and is precipitated in (bowers,

as is vifible in the receiver of an air-pump above mentioned.

There are, however, two other curious circumftances be-

longiug to the devaporation of water, which have not been

perhaps much attended to.

Firft, that the deduction of a fmall quantity of heat from a

cloud or province of vapour, compared with the quantity of

heat which was necefiary to raife that vapour from water, will

devaporate the whole. This circumftance is evident in the opera-

tion of common (team-engines, in which a fmall jet of water,

whofe heat is often above 48 degrees, perpetually devaporates the

fteam raifed by a comparatively very great quantity of heat

under the boiler. This difficult problem is explicable from

the principles before eftabliffied : if a fmall part of a province

of vapour be fuddenly condenfed, a vacuity takes place, and

the contiguous walls of vapour expand themfelves into this

vacuity ; and thus a large area of vapour, perhaps of many

miles in circumference, becomes more or lefs expanded ; by

this expanfiqn cold is produced (that is, its capacity of receiv-

ing heat is increafed), and the whole is devaporated.

This very circumftance exadUy takes place in the famous

fleam-engine of Meffi Watt and Boulton ; which, from

the happy combination of chemical and mechanic power, may

juftly be efteemed the ftrft machine of human invention. In

this excellent machine, after the cylinder is filled with fteam,

a communication is opened between this refervoir of fteam and

a fmall cell, which is kept cold by furrounding water, and

free from air by an air-fyringe adapted to it. What then hap-

pens ? The corner of the fteam in the cylinder next to this

vacuum (with which it now communicates) rufties into it,

and the whole fteam in the cylinder is thus fuddenly expanded,

and
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and inftantly devaporated : whence the very quick recipro-

cations of the pifton ; and that, though the cylinder itlelf is

always kept as hot as boiling water, that is, as hot as the

fteam was previous to its devaporation.

Something very fimilar to this is often feen at the com-

mencement of thunder-ftorms ; a fmall black cloud at fir ft

appears, in a few minutes the whole heaven is covered with

condenling vapour, and the accumulation or efcape of eleCtric

matter feems to be rather the confequence than the caufe of

this fudden and general devaporation.

A fecond curious circumftance of aerial devaporation is,

that when the particles of aqueous vapour begin to approach

each other by the diminution of their heat, they do not gene-

rate water exactly in proportion to fucli diminution of heat ;

but the condenfation proceeds further, and not only a greater

quantity of water is produced, but alfo a quantity of heat is

fet at liberty along with this excefs of devaporation, and the

atmolphere becomes warmer than before the beginning con-

denfation. This excefs of devaporation beyond the cold which

produced it, is probably owing to the acquired momentum of

the aqueous particles towards each other at the beginning

of their condenfation, which carries them ftill nearer each

other ; and to the fmall moleculae at ftrft formed, poflefllng a

greater attractive power over the uncondenfed vapour in their

vicinity, and thus prefting out more of the latent or combined

heat.

Conclufon.

i. When a fmall portion of air, fuppofe a few acres, be-

comes fuddenly contracted into a lefs compafs, either by inci-

H 2 dental
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Cental cold, or by any other caufe not yet underftood (as the

combination of dephlogiftic and inflammable gafes), the air

next in vicinity fuddenly expands itfelf to occupy the vacuity ;

and by its expanlion produces cold and devaporates, and then

becomes comprelhble into lefs fpace than it occupied before it

parted with its vapour. This then gives occafion to the next

circum-ambient portion of air to go through the fame procefs,

that is, to expand, attract the heat from its vapours, devapo-

rate, and then become compreffible into lefs fpace ; and thus,

from a fmall and partial contraction or diminution of air,- it

feems poffible to devaporate a great province.

2. The vapour of a great province of air being thus condenfed,

would leave a great vacuity in that part of the atmofphere,

which would be fupplied by winds rufhing in on all fides.

Suppofe this to happen to the north of our climate, a fouth-weft

wind would be produced here, which is otherwife very difficult

to underftand : and if it ffiould ever be in the power of human

ingenuity to govern the courfe of the winds, which probably

depends on fome very fmall caufes ; by always keeping the under

currents of air from the S.W. and the upper currents from the

N.E. I fuppofe the produce and comfort of this part of the

world would be doubled at lead: to its inhabitants, and the dif-

covery would thence be of greater utility than any that has

yet occurred in the annals of mankind.

November 22, 178 7.
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V. Some Obfervations on the Heat of Wells and Springs in the

Jjland oj Jamaica, and on the Temperature of the Rarth
below the Surface in different Climates . By John Hunter,

M. D. F. R. S. ; communicated by the Hon . Henry Cavendifh,

^HE following obfervations on the heat of fprings and

wells, and their application towards determining the

mean temperature of the earth in different climates, were fug-

gefled by you in fome converfation on that fubjett, previous

to my going to Jamaica in 1780. If you think them deferving

the attention of the Royal Society, I muff beg the favour of

you to lay them before that learned Body.

F. R. S.

Read December 20, 1787

TO THE HON. MR. CAVENDISH.
S I R,

I have the honour to be, &c.

JOHN HUNTER
Charles-ftreet,.

Dec.. 11, 1787.

THE.
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5+ Dr. Hunter’s Obfcrvations on the Heat

THE great difference between the temperature of the open air,

and that of deep caverns or mines, has long been taken notice

of, both as matter of curiofity and furprize. After thermo*

meters were brought to a tolerable degree of perfection, and

meteorological regifters were kept with accuracy, it became a

problem, to determine what the caufe was of this difference

between the heat of the air, and the heat of the earth
;

for it

was loon found, that the temperature of mines and caverns

did not depend upon any thing peculiar to them ; but that a

certain depth under ground, whether in a cave, a mine, or a

well, was fufficient to produce a very fenAble difference in

the heat. In obfervations of this kind, there was perhaps

nothing more ffriking, than that the heat in fuch caves was

nearly the fame in iummer and winter ; and this even in

changeable climates, that admitted of great variation between

the extremes of heat in fummer, and cold in winter. There

is an example of this in the cave of the Royal Obfervatory at

Paris. The explanations, which have been attempted of this

phenomenon, have turned chiefly upon a fuppofition, that

there was an internal fource of heat in the earth itfelf, totally

independent of the influence of the fun *. M. de Mairan has

beftowed much labour on this fubjeT, and by obfervation and

calculation is led to conclude, that of the 1026° of heat (by

Reaumur’s fcale), which he finds to be the heat of fummer

at Paris, 34°,02 only proceed from the fun, and the remaining

99i°,98 from the earth, by emanations of heat from the cen-

ter t. The proportion therefore of heat derived from this latter

fource is to that of the fun, as 29,16 to 1. It muff be evident,

that an hypothefis of this kind, which renders the influence of

the fun of fmall account, is dire&ly contrary to the general

* Vid. Mar tine’s Effliys, p. 319.

f Memoir, de l’Acad, des Sciences, An. 1719 et 1765.

experience
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experience and conviction of mankind. Without entering,

however, into any difeuffion of the data from whence M. de
Matran draws his conclufions, it will be more fatisfa&ory to

confider what the effect of the operation of thofe laws of

heat, with which we are acquainted, would be.

And firft, it is well known, that heat in all bodies has a

tendency to diffufe itfelf equally through every part of them,

till they become of the fame temperature. Again, bodies of

a large mafs are both cooled and heated {lowly. Befides the

mafs of matter, there are two other confiderations of much
importance in the flow or quick tranfmiffion of heat through

bodies ; thefe are their different conducting powers, and their

being in a {fate of folidity or fluidity. The conducting powers

of heat are well known to be very various in different bodies ;

nor are they hitherto reducible to any law, depending either

upon the denfity, or chemical properties of matter. Metals of

all kinds are good conductors of heat, while glafs, an heavy,

folid, homogeneous body, is an extremely bad conductor, even

when a metallic calx enters largely into its compofition, as in

flint-glafs. A fate of fluidity greatly promotes the diffuflon of

heat ; for a body in a fluid {fate, by the particles moving rea-

dily among each other from their different denfities or other

caufes, mixes the warm and cold parts together, which occa-

fions a quick communication of heat. To apply thefe offer-

vations to the prefent fubjeCt ; the furface of the earth being
0

expofed to the great heats of fummer, and the colds of win-

ter, or more properly the low degree of heat of winter,

will receive a larger proportion of heat in the former feafon,

and a fmaller in the latter ; and being further of a large

mafs, and of a porous and fpongy fubffance, and therefore not

quickly fenfible to fmall variations of heat, it will become of a

mean temperature at a certain depth, between the heat offummer,

3 and
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and the cold of winter, provided it contain no internal fourceof

heat within itfelf. This conclufion is ftriclly agreeable to the

experiments and obfervations hitherto made, in heating and

cooling bodies, or in mixing portions of matter of the fame

kind of different temperatures *. Water, though in a large

mafs, follows in fome degree the heat and cold of our fummer

and winter, from the mobility of its parts occafioning a more

fpeedy diffufion of heat. Air is quickly fufceptible of heat,and

from the expanfions produced in it, and confequent motions

in the whole mafs, the temperature is foon rendered uniform.

The changes in the heat of the air are what we have meafured,

and we are to be underffood to fpeak of them, when we talk of the

temperature of fummer and of winter. It may be afked then, is

the heat of the fun firft communicated to the air, and thereby to

the earth ? No, the air is fufceptible of a very fmall degree of

heat from the rays of the fun paffing through it ; for it is well

known, they produce no heat in a tranfparent medium, and

confequently, that the air is only fo far heated as it differs from

a medium that is perfectly tranfparent. The heat produced by

the rays of the fun bears a proportion to their number, their

duration, and their falling more or lefs perpendicularly ; and

it takes place at the points where they ftrike an opaque and

non-refledting furface. The furface of the earth may there-

fore be confidered as the place, from whence the heat proceeds,

which is communicated to the air above, and the earth below.

That this is really the cafe is evident from the fuperior degree of

heat, produced by the adlion of the rays of the fun upon an

opaque body, which will often be heated to 150° (Fahren-

heit), while the temperature of the air is not above 90° f.

It may feem, therefore, that to meafure the heat communicated

* Vid. De Luc Modifications de l’Atmofphere, Vol, I. p. 285*

f Mar tine’s Eflays, p. 309.

2 to
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to the earth, it fhould be done at the furface, where the a£ion

of the rays immediately takes place. But though the heat be

produced at the furface, it is communicated freely to the air as

well as the earth ; and though the apparent intenfity of heat be

greater in the earth, from the rays of light acting for a longer

time upon the fame parts of matter, yet there is little doubt

that much the greater part is carried off by the air, which as

it is heated flies off, and allows a frefh portion of cold air to

come in contact with the heated furface. But dill it is imma-

terial, whether the heat of the fun be excited more in the earth or

in the air ; for whichever has the larger proportion will in the

end communicate a part to the other, and fo redore the balance.

The fame obfervation applies to fuch caufes of cold as may
operate at the furface of the earth, as evaporation, and that

taken notice of by Mr. Wilson *. The air, therefore, near the

furface of the earth will (hew by a thermometer in the fhade

nearly, if not exadlly, the fame degree of heat that the fun

communicates to our terredrial globe ; and if a mean of the

heats thus fhewn be taken for the year round, and we pene-

trate into the earth to that depth, that it is no longer affedted

either by the daily, monthly, or annual variations of heat,

the temperature at fuch depth fhould be equal to the annual

mean above mentioned. To afeertain this with the utmod pre-

cifion, it mud be obvious, that numerous obfervations fhould

be made every day, correfponding to the frequent changes of

temperature, which are known to happen in the courfe of the

twenty-four hours in all climates ; and upon thefe a daily mean

fhould be taken, and the annual mean deduced therefrom.

This has not yet been done, but where we have obfervations

from which a mean temperature can be deduced with any de-

gree of certainty, it will be found not to differ greatly from

* Vid. Phil. Tranf. Vol. LXX. p. 451. and Vol. LXXI. p. 386.

Vol. LXXVIII. I the
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the heat of deep caves, or wells in the fame climate. If fur-

ther experience and obfervation fhould confirm the above opi-

nions, it will be attended with this advantage, that we fhall

be pofleflfed of an eafy and ready method of afeertaining the

mean temperature of any climate
;
which, with a few obferva-

tions of the extremes of heat and cold at particular fea-

fons, will teach us as much of the country, with regard to

heat and cold, as the meteorological obfervations of feveral

years.

For obtaining the temperature of the earth the befl obfer-

vations are probably to be collected from wells of a confidera-

ble depth, and in which there is not much water. Springs

iffuing from the earth, although indicating the temperature of

the ground from whence they proceed, are not fo much to be

depended upon as wells
;

for the courfe of the fpring may be

derived from high grounds in the neighbourhood, and it will

thence be colder ; it may run fo near the furface as to be liable

to variations of heat and cold from fummer and winter; or it

may be expofed to local caufes of heat in the bowels of the

earth. Wells feem alfo better than deep caverns, for the

apertures to fuch are often large, and may admit enough of the

external air to occasion fome change in their temperature.

Wells are not, however, to be met with in all places, and in

that cafe We muff remain fatisfied with the temperature of the

fprings.

The following obfervations were made in the Ifland of Ja-

maica, where there are flat lands in many parts towards the

coafl, but all the interior part of the country is mountainous.

The heat is greateft in the low lands, and decreafes as you

afeend the mountains. The town of Kingfton is fupplied with

water from wells. The ground on which it flands rifes with

a gentlei
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a gentle afcent as you recede from the fea. In the low part of
the town the wells are but a few feet deep, and many of them
brackifh. The heat of the water in fome of them I have
found as high as 82°; but they were evidently too near the
Surface not to be affected by the heat of the feafons. As you
afcend, the wells are deeper, and the temperature is nearly 8o°

in all of them. What variations there are, come within one
degree, that is, half a degree lefs than 8o°, or half a degree

more. They are of different depths, and fome not lefs than

100 feet ; though, after they are of half that depth, the tem-
perature is nearly uniform. At the Governor's Pen , which is

all'o in the low part of the country, a well, which is above

69 feet deep, is 79!°. There is a well at Half-way-Tree, 243
feet deep, which is 79

0
. Half-way-Tree is two miles from

Kingfton, with a very gentle afcent. Near Rock-Fort is a fpring,

immediately at the foot of the long mountain, which throws

out a great body of water ; the heat of it is 79
0

. All the places

mentioned are but very little above the level of the fea, pro-

bably not more than the depth of the wells at the refpe&ive

places ; for near Kingfton there are fprings that appear juft

below the water-mark of the fea, and thofe that fupply the

wells are probably upon the fame level.

The temperature of the air«at Kingfton admits hut of fmall

variation. .The thermometer, at the hotteft time of the day,

and during the hotteft feafon of the year, ranges from 85° to

90°; in the cooleft feafon, and obferved about fun-rife, which

is the coldeft time in the twenty- four hours, it ranges from

70° to 77
0

. I have feen it once as low as 69°, and two different

times as high as 91
0
. The annual mean temperature cannot,

therefore, either much exceed, or tall much ftiort of, 8o°, as

indicated by the wells.

I 2 The
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The following fprings were examined with much accuracy

by the Hon. Mr. Sewell, Attorney General of the Ifland.

Ayfcough’s fpring, on the road from Spanifh Town to

Pufey’s, in St. John’s parifh, 75
0
.

Pufey’s fpring, hill higher in the mountains, 7 2°f.

A fpring near the baracks at Points Hill in St. John’s

parifh, 70°.

The thermometer in the (hade at Pufey’s, during part of

the month of June, was found to range from 69T to 79°!.

It was obferved both late at night, and early in the morning

before fun* rife.

The fpring in Brailsford Valley, about ten miles above Spa-

nifh Town, is 75
0
. The fpring at Stoney Hill is 71

0
. Thefe

were examined by Mr. Home.

Mr. Wallen’s houfe, at Cold Spring, hands the higheh of

any in the ifland. By a meafurement, faid to have been made

by Mr. M c Farlane, it is reported to be 1400 yards above

the level of the fea. On the road to it, and about a mile be-

low Mr. Wallen’s houfe, there is a fpring that ilfues from

the fide of the hill, of the temperature of 6

5

0
. Cold Spring,

which gives a name to the place, is about fifty feet below the

houfe, and the heat of it is 6i°|. The thermometer in the

fhade at Mr. Wallen’s houfe, for fome days in the month of

April, ranged from 57
0
to 67°. It may be remarked, that the

higher the fprings the colder they are ; and, as far as a con-

jecture can be formed from fo few obfervations, they would

appear not to differ much from the mean temperature of their

refpeCtive places *.

It will not be out of place to add fome obfervations made in

England, relative to the fame fubjeCt. The wells in and

'* The thermometers made ufe of were all made by Mr. Ramspen,

3 about
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about London are either of no great depth, or are full of

water, which are both confiderable objections to their giving a

mean temperature. The want of depth will make them fub-

jeCt to the variations of the feafons ; and a large quantity of

water, even in a deep well, will take the temperature of the

air more or lefs : for any change of temperature communi-

cated at the furface will, from the fluidity of the water, be

readily diffufed through the whole. I fufpeCt it is owing to

this caufe, that the wells in the neighbourhood of Brighthelm-

flone vary from 50° to 52°, for thofe were the higheft that

had molt water in them. My obfervations were made in fu ai-

mer. Thefe wells are of various depths, from 15 to 150 feet.

That which I always found the coldeft is not more than

22 feet deep; I never found its heat greater than 50°. It is

near the beach, and is a tide well, that is, the water in it

rifes and falls, and in fo doing does not correfpond exaClly

with the tides, but follows them with an interval of about

three hours. At the lowed there is not more than a foot of

water in it ; and it may be confidered as a fubterraneous fpring

running through the bottom of the well. There are in faCt

numerous fprings that break out upon the fand, a few feet

above the low-water mark, which are doubtlefs the fame that

fupply the wells. As we are not acquainted with any caufe

that produces cold in the bowels of the earth, we mud necef-

farily in every climate, confider the loweft degree of heat as

approaching neared to the mean temperature ; and therefore

we cannot conclude the mean temperature at Brighthelmftone

to be more than 50°. The mean temperature of London is

computed about 52** ; but Brighthelmftone is nearly fifty miles

farther fouth than London, and is immediately upon the fea,

* Kirwan’s Temperature of different Latitudes, p. 73.

and
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and mu ft therefore be at leafl as warm as London. It is evi-

dent, that the obfervations from which the mean is taken,

muft generally contain more of the extremes of heat than of

cold, as the former happen in the day-time, and the latter in

the night, in confequence of which they will often efcape

notice. There is a table conflrudled by Dr. Heberden ex-

prefting the heat in London for every month in the year,

from a mean of ten years beginning with 1763, and ending

with 1772. The mean temperature is given both at 8 A.M.

and 2 P.M. There is further in the table, a column of the

mean of the greatefl monthly colds in the night, obferved

during the fame ten years by Lord Charles Cavendish, in

Marlborough-ftreet. There will not probably be any great

error in confidering the heat obferved at 2 P.M. as the greatefl

daily heat ; and taking a mean btween the greatefl heats of the

day, and greatefl colds of the night, they give for an

annual mean,- which is much lower than is commonly fup-

pofed. At the houfe of George Glenny, Efq. near Brom-

ley, there is a well feventy-five feet deep, which I found in

November 49°!. M. de Mairan has given a table of the

greatefl heats and greatefl colds obferved at Paris for fifty-fix

years, beginning from 1701; and a mean of them is io°

above freezing, or 1010°, of Reaumur’s fcale f. The tempe-

rature of the cave of the Obfervatory where thofe obfervations

were made, is io°| above freezing, by the fame fcale of Reau-

mur. There appears not therefore any neceflity for an in-

ternal heat ; on the contrary, it is matter of demonflration,

that were there any fource ol heat in the earth which -was not

equally in the air, the heat of the interior parts ought to be

:
'

K The Table alluded to follows this Paper.

f Mem, de PAcad. des Sciences, An. 1765, p. 202.

higher
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higher than a mean : and did the central heat bear as high a

proportion to that of the fun as M. de Mairan alledges, the

heat of the earth itfelf ought to be a great deal above the mean

temperature of the air, which xrom obfervation theiv_ ib no

ground for believing. It is eafy to fee the iource of M. de

Ma Iran’s error ; he has founded his calculations upon the

fcale of Reaumur, and confiders the degrees of his thermo-

meter as marking the real proportions, and ablolute quantity of

heat*. It is a matter that cannot be denied, that we know

nothing of the abfolute quantities of heat; and that the de-

grees of our thermometers are only to be confidered as a few

of the middle links of a chain, the length of which we are

totally ignorant of, and therefore in no condition to compare

its proportional parts. It deferves, however, to be remarked,,

that obfervations of a late date have (hewn, that the notions

of cold upon which Reaumur’s fcale was conftru&ed, and

upon which M. de Ma Iran’s calculations are founded, are.

imaginary and without foundation "f'«

Hot fprings and volcanos may be produced as proofs of the.

exiftence of an internal fource of heat in the earth ; but their

operation appears to be limited to a very fmall extent, an

fcarcely deferving of notice in the prefent difeuffion. It is no

uncommon thing to find fprings of the ufual temperature

clofe by hot fprings ; and no volcano, with which we, are yet.

acquainted, appears to have raifed the temperature of the

country immediately adjoining to it.
,

The l'ea admits of change of temperature more quickly than

the earth, particularly near the fhore. The mean heat of the .

* Vid. Memoir, de 1’Acad. des Sciences, An. 1765. P- H3

t Vid. Phil. Tranf. Vol. LXXUI. p. *303- 3° 3 - ^ 3*9 -

fea
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fea at Brighthelmftone, during the months of July, Auguft,

September, and October, was as follows

:

July 63
°

t
Auguft 63T
September 58°

October 53
0

The obfervations were made with a view to afcertain the

temperature of the fea as a bath, and therefore the heat was

taken about nine in the morning, and near the fhore, the

ufual time and place of bathing. The water gets hotter

towards three o’clock in the afternoon, fo that it not only fol-

lows the monthly, but even the daily changes of the tempera-

ture of the air. In the four months juft mentioned, the ex-

tremes of heat and cold are confiderable : I have feen it as hot

as 71
0
, and as cold as 49

0
. In the month of Auguft laft, Sir

Henry Englefield examined the heat of the fea at

the fame time that I did, and we both found it 71
0

: it was

about 4 P.M. of a very hot day. I may be allowed to remark,

that fea-bathing is a very different thing at different feafons of

the year, and requires an acquaintance with the variations of

the temperature, to adapt it to particular cafes.

It were to be wifhed, that the heat of wells and fprings were

examined at different feafons of the year, in order to afcertain

the effect of fummer and of winter upon them. The
wells at New York are from 32 to 40 feet in depth, and Dr.

Nooth found them to have an annual variation of two degrees

from 54
0
to 56°. There are few countries, in which the annual

range of the thermometer is greater than at New York, and

the neighbouring parts of America. In the fummer it is often

as high as 96°, and in winter it has been obferved feveral de-

grees below the zero of Fahrenheit’s fcale.

The
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We may, 1 think, from all the obfervations we are yet in

poffeffion of, conclude, that there is at prefent no fource of

heat in the earth, capable of affecting the temperature of a

country, which is not derived from the fun ; and that the

earth, whatever changes of temperature it may be conjectured

to have undergone in former periods, is now reduced to a mean

of the heat produced by the fun in different feafons, and in dif-

ferent climates.

Vol. LXXVIII. K
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VI. A 'Table of the mean Heat cf every Monthfor Ten Tears in

London, from 1763 to 1772 inclujively. By William

Heberden, M. D. F. R. S. and A.S.

Read January 3 1 , 1788.

« At 8 A.M. At 2 P.M. Mean. Night.

I 2 Tanuary
0

0 r
05

0

39

0

37 34-7
IO February 3 » 43 40*5 36.6

9 March 39 45 ,
42 37* 1

/
April 44 5 2 48 41 3

5 May 5 1 59 55 46.4
0
0 June 57 6.5 61 5 2 *4

2 July 59 68 63-5 55 - 6

I Auguft 60 08 64 55 * 1

4 September 55 63 59 5 1 -7

6 October 4 » 55 5*-5 45-5
8 November 43 48 45-5 40

1

1

December 59 42 40.5 37-3

EXPLANATION OF THE TABLE.
The firft column of figures denotes the order of the months

according to their degrees of heat, beginning with Auguft, in

which the heat is greateft.

The fecond, and third, are the heats marked at the hour ex-

prefled at the top of each column, and the fourth is the mean

between thefe two.

The laft column is the mean of the greateft cold at night,

obferved in Marlborough-ftreet for twenty years, by the late

Right Honourable Lord Charles Cavendish.
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VII. On Centripetal Forces. By Edward Waring, M. D.
F. R. S. Profejfor of Mathematics at Carr bridge.

Read January io, i y

S

3 •

PROP. I.

i* T" ET a curve P/>N (Tab. II. fig. 1.), of which the per-

J—

J

pendiculars to the two neared: points P and p of the

curve are PO and pO
,
and confequently O the center of a

circle, which has the fame curvature as the given curve in the

point P; draw PY and ly tangents to the curve in the points P
and p ;

from S draw Sy and S£Y refpedtively perpendiculars to

the tangents ly and PY ; and let S-6Y cut the tangent ly in h ;

then will ultimately hY
(
- P) be the decrement of the perpen-

dicular SY = P ; and the triangles lbY and PO/> be fimilar : for

the angles PO/> and hlY are equal, and the angles lYh and

OP^ right ones; therefore PO : Pp :: IY ultimately = PY : Yh

decrement of the perpendicular, whence

1.2. Fig. 2. and i. The force in the direction PS is as the

ultimate ratio of 2 x QR (the fpace through which a body

is drawn from the direction of its motion in the tangent in a

given time towards the center of force) ; but ultimately 2QR =
2
-~~> where QP is as the fpace deferibed in a given time, and

confequently as the velocity (V) of the body at the given

point P, and PV the chord of curvature in the dire&ion SP.

K 2 1.3.

p?=
Yb x PO Yh x PO

IX PY
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1.3. The increment (P^) of the fpace divided by the velo-

city V is ultimately as the increment of the time, and

= the increment of the velocity (V) divided by the force

2V 2 py .

pv“
x
sF

111

VxPVxSP.
lv 2 xPY

’

VxPVxSP
~ 2

V

2 x PY

the direction of the tangent, that is, ~ =
,

for Vp fubftitute — ,
and there refults 7 P x F(

?
1 PY PY x V

; and confequently 7 — X.
; butAAAA =: SY^ J SPxPV v 2PO

— P, whence
-p v

P “V 7

a
and V = - ,

P
where a is an. invariable

quantity. v

Cor. Since V x P, that is, SY the perpendicular multiplied

into the velocity (which is ultimately as P^ the fpace defcribed

in a given time) is ultimately as the area defcribed round the

center S in a given time; but this redtangle —a, a given

quantity; therefore the area, defcribed round the center of

force S in a given time, will be a given quantity, and thence

in unequal times will be proportional to the times.

1.4. The fagitta QR is ultimately as the force, when the

time is given; and when the time is not given, it will be as

the force into the fquare of the time ; from which expreffion,

by fubftituting for QR and the time their values, may be de-

duced feveral others.

Sir Isaac Newton has demonftrated this proportion with

the greatefl fimplicity ; and this is given to fhew, that the

fame proportion may be deduced from different principles.

PROP. II.

1. Fig. 3. Given the relation between SP 7
the diilance from,

a point S, and SY7
a perpendicular from the point S to P 7Y, a

line touching a curve in the point P 7

; to fnd the relation

3 between
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between Sp' and Sy' (a perpendicular from the point S to p'v , a

line touching the curve in the point p'} ; in which two curves

PP 7L and pp'l
,
the forces and velocities at any equal difhnnces

SP and Sp are equal, and confequently the perpendiculars SY
and Sy, at the above-mentioned equal diftances SP and Sp are

to each other in a given ratio N : n.

In the equation exprefling the relation between SP / and SY'

for SP /
and SY 7

write refpedively Sp and
S/xN

and there re-

fults the equation fought : for the diftances SP and S\p' being

equal, the perpendiculars SY 7
and S\y' are as N : n.

Ex. 1. Let S be the focus of a conic fedion, then will

| C 2
x -

D—
, SY : — P 2

, where T and C denote its tranfverfe

and conjugate axes, and D the diftance SP ; for P write

— x p 9
and there refults the equation ?C 2

x -^-=^ x p\.

which is an equation to a conic fedlion of the fame name (yh
m

ellipfe, parabola, or hyperbola) as the given curve, of which*

the tranfverfe axis is T, and conjugate= and perpendi-

cular from the focus to the tangent =p. If T and C are infi-

nite, and confequently the curve a parabola, and the equation

|LxD = P, then will the latus return of. the refulting equa-

. L x n
z

tion be •

jN

Ex. 2. Let S be the center of the logarithmic fpiral, then

will the equation be a x SP = a x D = SY = P, and confequently

the refulting equation a x D = x/>, whence ^ x D = p an

equation to a logarithmic i piml having tne fauio cento 1..

Ex. 3. Let T and C be the femi-conjugate axes of a conic

fedion, and S its center ;
then will the equation exprefting

the
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the relation between the diftance D and perpendioular P be

D'zt--— = T 2
r±rC

2

; for P write as before^-, and there re-
P* n

j.2T2C2
a

fults the equation D 2 — y~3^=T2
z±rC% an equation to a conic

fedtion of the fame name, of which the tranfverfe and conju-

gate diameters are refpedtively two roots (#) of the equation

afrfc—
1

-if =rT 2—C% becaufe in this cafe p — D.
N x 1

The fum or difference of the fquares of the tranfverfe and

conjugate diameters, in all the refulting equations, will be the

fame.

Cor. In every equal diftance, the chord of curvature pafting

through the center of force is the fame; for the forces iu that

direction, and the velocities at every equal altitude are the fame.

$

PROP. III.

i. Fig. 4. and 3. Given an equation A:=<?, exprefling the

relation between the abfcifs SM=J? and ordinate MP zzy
;

to

find the equation exprefling the relation between SP — s/
x~

4- y
1

and SY = P, the perpendicular from S on the tangent PY.

From the equation A — 0 find x = By, which fubftitute for x

in the equation (x
z

+y
2)i x P — xy±zxy deduced from the fimilar

triangles Plo, MTP, and STY, where lo—x and Po=y; let

the refulting equation be C = 0; reduce the three equations

A—o ,
C = o, and Y +/

-

SP 2 = D 2
into one, fo that the un-

known quantities x andy may be exterminated, and there re-

fults an equation exprefling the relation between D and P.

Cor. Hence from the equation expreffing the relation be-

tween x and y, the abfcifs and ordinate of a curve, can be de-

duced an equation exprefling the relation between the diftance

SP and perpendicular SY 5 and from the equation exprefling

5 the
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the relation between the diftance SP and SY can be deduced

an equation exprefling the relation between the diftance Sp and
perpendicular Sy from the point S to the tangent py of a

curve, whole force and velocity at every equal diftance is the

fame as in the given curve, but the direction different.

2. Given an equation K = o exprefling the relation between

SP = D and SY — P ; to find an equation exprefling the relation

between SM = x and PM =jy, the abfcils and ordinate of the

fame curve.

In the given equation K=0 for D and P write refpeftively

\/

x

z

+y
z and and there refults a fluxional equation

L = o of the firft order, of which the fluent expreffes the ge-

neral relation between x and y.

Cor. If in the given equation for P be wrote ;-P
/

, there

refults the equation K = which exprefles the relation between

the perpendicular Sy = P and diftance S/> = D /

of every curve,

which at equal diftances has the fame velocity and force tend-

ing to S; reduce the equations K/rzzo, D = \Zx
2

+y
z and

wP' — YrY-i
. into one, fo that D and P' may be exterminated,

a/ .2
,

.2
x +y

and there will refult the fame fluxional equation of the firft:

order, exprefling the relation between x , y, and their fluxions,

whatever may be the value of n, The general fluent of this

fluxional equation contains the relation between the abicifs and

ordinates of all curves, which have the fame force and velocity

at the fame diftance as the force and velocity in the given

curve.

PROP
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P R O P. IV.

I. Let a body move in a given curve PH (fig. 5.), of which

the velocity (y) at any point P is given: and let the forces

f'\ f"\ &c. tending to all the given centers S
//

,
S 7//

, &c.

(except two S and S
7

)
be given ; to find the forces f andj

'

tending to the two points S and S
7

.

Draw a line PO perpendicular to the tangent yVy'

;

and

from the given centers S, S
7

,
S
77

, &c. draw lines S/ and Sy,

S/
1
/ and S

7

y, S
//

l
// and S

77

jy

r/

, &c. perpendicular to the

lines PO andyPy, &c. ; then will x ±zf' x ii~f" x
1 O PS l b

vr
¥$'

,z±:<kc. (where PO is the radius of the circle having the

fame curvature as the curve in the point P), and

x — =±= &c. (where A denotes the*arc of the curve PH) ;

iy

from the data may be deduced all the quantities contained in

the above mentioned two equations, exceptf and f'\ and con-

fequently from the two given fimple equations be deduced the

forces foughtf andf\
2. Let the velocity of the body moving in the given curve

• I’ V p y' Py'
be fuppofed always uniform ; thenf x -|=kf' x x

lb lb lb

&c. — 0.

Ex. Let the curve HP/ be an ellipfe, and the two foci S and

S
7
the centers of forces ; then will EL, but the angle

SPy = S/Py, and confequently = and f—f'\ but fince

7- =f*%+f*% = if * and v = a, then will f=po J sp J sp J sp ’ J
2$y x PO

be the force tending to each focus.

In
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In thefe and the fubfequent cafes the lines Py, Py', Py",
&c. are to be taken negatively or affirmatively, as thev are

fituated on the fame or different fides of P; and in the fame
manner the lines P/, P P &c. are to be taken negatively

or affirmatively as they are fituated on the fame or different

fides of the tangent yVy' y &c.

3 . Let the centers M, 3VT, M", M'", See. of forces be

points not fituated in the plane of the given curve HPI, Sec.

and the forces f"\ j

,

&c. tending to each of the centers

M//7

, M"", &c. (except three M, M', and M ') be given ; to find

the forces/, andJ" tending to thofe three points M,
and M //

.

Draw MS, M'S', M^S", See. perpendicular to the plane

HPI, &c. from the above-mentioned points, and afl'ume the

MS
_ r, M'S' r// M"S"

: / X —— =r=—— /J \ l'C'2 1 c m2 J
equationfX —

=*=/'" X

Ms -f- SP

M"'S'"

v'M'"S'"* + S"'P

• r P/ . r / P/' /*,

tions— = / x ——/ x—- =+=/
PO ^ PM ^ PM'

VM'S ' 2+ STa v' M"S '2 + S' F2

+ &c. rr £9 and tlie two preceding equa-

Pr __ P__ , — r Pv//

PM'
&c.and — =/x -

v
-<-

A- ^ PM~
/*' x x -£f_r±;&c.

; from the may be found all the
^ PM' ^ PM" y

quantities /
v//

, v/
////

, &c. ; and confequently from the above

mentioned equations may be deduced the forcesf f' y and\f'\

4 . Let the body move in different planes, that is, in a curve

of double curvature at the fame points; draw PR a tangent to

the curve at the point P, and PQ an arc of the curve of double

curvature; draw alfo two planes PRV and PRT, cutting one

another in the line PR ; from the point QJet fall QV and QT
perpendicular to thofe planes refpe&ivelv, and from the points

V and T draw Vv and T7 refpectively perpendicular to the

line PR ; let v be the velocity of a body moving in the given

Vol. LXXVIII. L curve
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po1
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curve at the point P, and aflame —- = 2C and'-— iQ,' refpec-
1 Vv Tt

1

tively ; from the given centers of forces M, M', M", M"',

&c. draw MS, MS', M"S", M7"^" &c.; Mr, MY, M 7V7

,

M"V", &c. refpedtively perpendicular to the two planes RPV
and RPT ; and PL and P

/
perpendicular to the line PR in the

fame two planes RPV and RPT ; and alfo SP, ST, S"P, S "P,

&c ; rP, s'P, s"P, &c. : from the points S, S', S", S'", &c.

j, /, &c. draw the lines SH, S'H', S"H", &c.

j/6, s'h\ s"b'\ s'"
h'"

, &c. refpedtively perpendicular to the

lines PL and P/; and SK, S'K', S"K", S"'K'", &c. sk, s'k\

s"k", s'"k"\ &c. perpendicular to the line RP ; and let the

forces/"",/7'", &c< tending to all the points M'", M"", &c.

(except three, M, M', and M") be given ; then from the three

given equations ^ =^ x/'^SL x/" ± &c. and £
p* x/± !i x/'±^ x/"rfc&c. and ^=^x/-PK'

r
MP
PK"

JV1"P

lVi P ^ M"P

'M'"P

s. r/, PK r,., g Pi r Pi' r— X f X / =±r CCC. = X /-*- X 7-
"P J —m"p ^ — MP ^

—

M'P^*/

A\ “MP

‘M'P

M'P

Pi
//

M"P
X/"

=!= &c. which contain only three unknown quantities, can be

deduced the forces /, /', and /", required, tending to the

points M, M', and M".

PROP. v.

Let a body a£ed on by forces tending to any given points

S, S', S", &c. move in a given curve, to find its velocity in

any point of the curve.

Find the fluent of the fluxion (fx 5=fc/' x x

j'" x
V£~± &c.) A=/b±//D /

=t/"D,,± &c. = - vv when

the forces, are all contained in the fame plane ; or the fluent of
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py"

PM7' ±&c.) x A

Pm ~

(when contained in

different planes) =fx PM±/ 7
x PM 7—J" x PM" =«= &c. =*=

j X Dr±=/
7
X D / =t=///

X D7/
rfc:&c.

; but flnce /, /', &c. are

given functions of the quantities D, D 7

, D", &c. the fluents

of/x D, /
/ xD',/"xD' /

, &c. can be found ; which, when
vz

properly corrected will be as — = | the fquare of the velocity in

any point P. A denotes the arc of the curve, and D, D7

,
D7

',

&c. the refpe&ive diftances of the body from the centers of

forces.

Cor. The increment of the time of defcribing any arc of

the above-mentioned curve will be as the increment of the

arc == A divided by the velocity found above, and confequently

the time itfelf will be as the fluent of it properly corre&ed.

Prop. vi.

I. Let a body move in any curve, and be a£ted on by forces

tending to any given points, S, S
7

, S", S
7//

, &c-

;

all of which,

except the forcef tending to the point S, let be given, to find

f the force tending to S.

Let Sy, S
7

y
7

, S/7

y
77

,
See. be perpendicular to the tangent Py

of the curve at the point P ; refolve the forcesj, J"\
&c. tending to S, S

7

, S", S'", See. refpe&ively into two forces,

of which one a£ts perpendicular to Py, the other, S/, S'/
7

,

S
77

/
77

,
&c. perpendicular to PO, which is perpendicular to Py j

let PO be radius of the circle of the fame curvature as the

curve, and v the velocity of the body at the point P j then

wil1
Fo -/* %*?'

x
§4

=*=/" xW =*/'" x
!»r

and -

— - fx f' x — f" x—dtf'" x See for
SyX?° —

: / * sp J X
s'p J s"p

*
s"'p

*
* spS"P ^ " S'"P SP

L 2 I chord
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? chord of the circle of curvature, which pafies through S,

write C ; and for PO x (—

/

v
x x rd=&c.) fubftitute

8 F O 1

PI, and for — write B ; and for =±r/'
/
x -±±j" x -f &C..

sr* J s p s p

fubftitute D, and the two preceding equations become v
z—

/xC + H and — vv = (B/T- D) A, where A denotes as be-

fore the increment of the arc of the curve : from the firffc

equation vv —fx C + Cf+H_= - (B/’A + DA )
and confequently

cyq- (C + 2BA)f+H + 2DA = 0, from which fluxional equa-

tion may be deduced the force f tending to the center (S)

rr - C—

1

x e
r • • f --

J c x j (H -j- 2DA) x e J c
,
where e is the

number, whofe hyper, log. = 1.

Cor. Fig. 1. Letyv
, j'\ f"\ &c. be each = 0

,
then will

r 2b\

D — 0, PI — 0, and confequently y"(2DA + H)x^‘' c =

/2BA 2BxSjX
C ~ CXpy,

XPO 2Sy

_
_I x e J s

->’

; whencef=z (
as is generally known raC " 7 ^“S/xC

where a denotes an invariable quantity.

Cor. The force f being found, the fquare of the velocity

may be deduced from the equation vz

=fxC + H, and the
.a

time from the fluent of the fluxion — ———
v vyx c+H

2. Let the body move in a curve of double curvature, and

let the forces
, &c. tending to all the points M/7

,
M" 7

,

&c. (except two, M and M7

) be given ; to And the forces

tending to the points M and M 7
*

Afliime
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AHume the three equations before given in Prop. 4. viz.
** PH r , PH' r,

C MF M'P
X *^

P PF'— X S77
:

M"P J

Ph

&c.^ = ™x/Vl£ x /-_

C' MP •'““M'P

M'
- xf 'ztz&cc. and - vi) = x /i±=£^L x y fp ^ Vmp j m'p j

//

Vk p^' r . •^c * = x
*/— wpp XJ =±=&c.) X A, from the two former may be

deduced the equations vv = uf+ Qf' +Ju +/
7

/3 + y, and vv~
*
'j + fcj' 'ft + y ,

where a. =
C xPH
2MP~’ /3 = =t

CxPH'
1m?

7
V M"P

— m7/,
p
— <xcv » a — 2MP >

c' x P// /_ , , n/ fYh"xf" Vh"'xf"' 0 \W’ ^ ~- jC
M"'F —&c -). whence may

be derived the two equations uf+@j
/

+fu+f'@ + y = c/f-t-

J' +/* +J
/

fi

/

+ y =7rf=^pf'+<r, where tt= - X

A P=r -^ ^ =ZlWA
9 P

\ M'P M'PJ
x 9

\ M"P X^ M'"P
x *

=t&c. = &c.) x A

.

Reduce thefe two equations to one, fo that f
7

, f'\ &c. and

their fluxions, may be exterminated, and there refults a
M •

fluxional equation of the formula H/’ -f Kf -f L/ +M = o,

where H, K, L, and M, are functions of one of the before

mentioned variable quantities (for example, MP = W) which

may be fuppofed to flow uniformly, and its fluxion.

PROP. VII.

1. Fig. 6 . Given the force tending to any point S, the velo-

city and dire&ion of the body ; to find the curve defcribed.

Let the body a£ted on by a force f tending to S, at the dis-

tance D' from S be proje&ed in the dire&ion P'Y7

,
with a

7 velo~
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velocity H ; and let the perpendicular from S to the tall-

gent PY' be A; from the general fluent of fx D, where

D denotes the diflance from S, and f is a function of

D, properly corrected find its velocity V at diflance D»

and confequently the perpendicular SY from the center S

to the tangent PY at diflance D=SP, which will be

A—1 — SY ; but A and II are given quantities, and V a known

function of D; therefore SY and x/SP^D^ — SY 2 = PY will

be known functions of D ; and from the fimilar triangles

SPY and PQT may be deduced PY : SY :: PT=l3 : QT,

and confequently SP x QT — D x -yy- (which is a known
•

function of D multiplied into D) will be as the increment of

the area defcribed round the center of force, of which the

fluent properly corredted is proportional to the area defcribed

round the center of force*, and confequently to the time. In

like manner, (proportional to the increment of the
l> x PY SP u 1

angle defcribed by the body round S) is a function of D rttul-

tiplied into D, of which the fluent properly corrected, or angle*

will be as a function of D.

1.2. Fig. 7. Given the above-mentioned force, &c. ; to find

an equation exprefling the relation between the abfcifs SM = *

and ordinate MP 2=

y

of the curve defcribed, and their fluxions.

From the fimilar triangles P'po and LPM can be deduced

po~y : oVzzx :: PM - y : LM=^-; but LM±SM^ -±A-a
y y

y~*y
- = LS

; and confequently Ppz=\/xz

+y
z

;
po —y :: LS 2=

>
YA—. • SY = -y-zHL ; but SY is a function to be deduced

as5



Centripetal Forces.

as above .of SP — s/x +y\ whence the fluxional equation
yxdzxj/

i/ 2
i

* 2
(p (x -\-y ).

2 . Fig. 8. Let a body be afted on bv nnv number of forces

See.) in the fame plane tending to the given

points S, S
,
S

7

,
S"

, &c. ; to find ail equation exprefling the

relation between SP = D and ST = D 7

, and their fluxions,

where P is a point fltuated in the curve which the body
deferibes.

Suppofe YP a tangent to the curve at the point P, and PZ
perpendicular to it ; and refolve all the forces tending to S, S'*

S
7/

, &c. refpe&ively into two others; one in the direction PY,
and the other in the direction PZ ; fubflitute for SP, ST,
S'T, S

//7
P, &c. refpeftively D, D7

,
D77

, D 7//

, &c. ; and fuppofe

SY, S
7Y7

, S
/7Y77

, S
/77Y /7/

,
&c. perpendicular to the line PY;

then will the triangles PQT and SPY, PQ'T 7

and STY 7
be

fimilar, where PQ denotes a very fmall arc, and QT and

QT 7
are perpendicular to the lines SP and S 7P ; hence PQ=^

PT x SP _ D x D
PY PY

PT' x S'P D'xD'
•

PY'
* —

' PY 7 ’ and confequently PY : PY 7

:: DxD : D 7
x D 7

; and if the quantities D, D 7

, D and D 7

are given, the ratio of PY : PY 7
will be given ; which being

given, together with the line SS
7
zrtf, the lines PY and PY 7

,

SY and S
7Y7

, can be found ; for, drawing SL parallel to PY,

and meeting S7Y 7
in L, let PY 7 = w x PY, then YY 7 =*

(w±i) PY = SL, SY = v/(SP
2 -PY ;

)=: v/(D
2 -PY i

), S
7Y 7

= (S
7P2 - PY 72

) = (D72 - x PY 2

), LS 7 = S'Y'^SY » =t

v/(D
/2-^PY 2

)rt:v/(D
2 ~PY 2

); and SS
,* = SLa + LS'* an

equation in which all quantities (except PY) are given, and

confequently PY is determined by an equation, which will be

a quadratic ; but PY being found, from thence PY 7

,
SY and

S
7
Y'-



8o Dr. Waring on

S /Y / may be deduced, which are confequently all fundions
• »

of D, D 7

, D, D 7

, and invariable quantities ; and their

fluxions PY 7

, SY, and S
7Y 7

fundions of D, D 7

,

• • •• • •

D D 7

, D, and D 7
: from the funilar triangles before given

• •

SY : PQ — 2— PY :
~ — PO the radius of curvature

1 Y SY

hence PO is a function of D, D', D, D 7

, and D', if D = o;

and from D, D 7

, SS 7

, D, D', and the point S
7
given in pofi-

tion can be determined S
77
P, S

7/Y// and PY' 7

; for let S
//

>6 = C
be drawn perpendicular to SS 7 = j, and S/j — />; then will S/ (if

P/ be a perpendicular from the point P to the line SS^rrrtr

+
and S7= and F/= y(SP= - £/*), and

S
7/P = y((3—S/)

2

+ (CrtP/)') ; draw S
7/Y 7/ perpendicular to

the tangent PY, and cutting the lines SS 7
and SK parallel to

PY in o and n refpedively ; then will oh — ---- - ^ ^ ^

,

S//
o = C

;
(and from the fimilar triangles S

//
oh and Sori)on~

l

(h^oh) x whence S°YU =iz*zS"o±:on^=SY will be a
^ 'So
known function of D, D 7

, D and D 7

, and invariable quanti-

ties : the fame may be predicated of fimilar lines drawn to the

PY py/
centers S

/7/

,
S
77//

,
&c.

;

and confequently (/ x —=t/7 x—

•

t
b I b i

py// py •

dtf" X

~

77p
—

/

/7/ x ^TTTprt&c.) x A (where A, as before, de-

notes the fluxion of the arc of the curve) =/xD±/7 xD 7±
• •

f" X D 7/ rfcf"' x D
//7rt&c. *= -vv, if v denotes the velocity;

but as f /"-if"', &c. are fundions of D, D 7

, D 77

, D 7//

,

&c. refpedively, the fluent of the above mentioned quantity

fD^fW+f'D' &c. can be found in terms of D, D',

D 7

,
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D'% D'", &c. from the fluents of the flux!ons/D,yvD/

, &c.

;

and confequently in terms of D and D r

, which let be Z, then

will Z =— ; but v'= -aZ = PO x Ifx X— + f»
gz/y/Z gz/zyzzz

x ^.TTp- =i=/
/7/

x — &c.) a fluxional equation of the fecond

order exprefling the relation between D and D', and their

fluxions.

2 . To find an equation exprefling the relation between

a' =SM and y— MP, where SM (x) is the abl'cifs beginning

from S and continued in the line SS', and MP ( y) the per-

pendicular ordinate of the curve deferibed by a body added on

by the above mentioned forces : in the fluxional equation

found before for D and D' and their fluxions fubfiitute

(#* + y
2
)* and ((SS'zt#)

2 +y
2

)* and their fluxions, and there

refults the equation fought.

Cor. It eafily appears, that the general fluent may contain

two invariable quantities to be aflumed at will, or according to

the conditions of the problem ; that is, at a given difiance the

velocity and the direction may be aflumed at will, and confe-

quently the general fluxional equation expreffing the above

mentioned relation will be of the fecond order, if no fluents

are contained in it.

Cor. From Py and Py', and the points- S and S' being given,

can eafily be deduced geometrically the diredhon of the tan-

gent and the lines Sy, §/, &c. ; for divide the line SS' in r,

fo that Py— Py' : SS' :: Py : Sr, and through r draw the line

Pr, the perpendicular to Pr through P will be the tangent

yPy'; to this line the perpendiculars from S and S' wilt be the

lines Sy and S'/ required.

Vol. LXXVII1. M Cor.
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Cor. From the fluent of the above-mentioned fluxional

equation may be deduced the velocity V in terms of D and LF

DxD
and from the fluent of which is a fundtion of D mul-

P^xV’

tiplied into D, may be deduced the time.

3. If the plane in which the body (P) moves, and all the

forces

y

v
, J

/

r//
,y

V//
, &c. tending to points IVT, M", M'", &c. not

fltuated in the fame plane (except one f tending to a given

point M) be given , then the force tending to that point can be

found, and the curve defcribed. Refolve all the forces tending

to the points M, M', M", M/A/

, Sec. into two others ; one MS,

M/
S, M"S, M7//

S, &c. perpendicular to the plane in which the

body moves, and the other SP, ST, S"P, S///
P, Sec. in the

1 1 ..I r MS r/ M'S' r„ M"S" c r
plane; then will/x-rp=t/ x— =t

=

f

x IPp—&c-= o
9 from

which equation f the force tending to the point M may be

found ;
then, from the preceding propofition find the curve,

which a body agitated by forces/x /' X f" % ,

Sec. tending to the points S, S', S'', &c. deferibes, and it will

be the curve required.

4. If the body moves in a curve of double curvature, and. the

forcesyr,/
v
,/

v/
, &c. tending to all the centers M, M', M",

M'", &c. be given ; from the fluent of the fluxional quantity

(/* m-f x m-f" x x IQ &c
)
x A (a den°-

ting the fame quantity as before) ~fx MP=t/'
/
x MTr±=f" x

m7 /p=tzf" x M//7P,=t &c. =/x bdt/' x iy+f" x &'=!=/"' x

D"'z±z&c.t= Z= —vv (/, f'\ f". Sec. being given

fundlions of D, D', D", Sec. refpedtively) can be deduced

the fquare of the velocity ^ - zz, which will be a function of

3 D,

w
•
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D, D 7

,
D7

', D777

, D77 7

, &c., and confequently a function of

D, D 7

,
D77

, eafily to be derived : fubftitute this function - iz

for v x
in the two following equations —

F

7
and

where R 7
and R 77

denote the radii of curvature in two different

planes of which the tangent above mentioned in Prob. 4. art.

4.

is their interfedtion, and F 7 and F /7
the fum of the forces in

lines perpendicular to the tangent, and in the refpeCtive planes :

from thele forces, calculated in terms of the diftances from

three given points D, D 7

, and D /7

; or in terms of two ab-

fcifiae and one ordinate, and from the radii R' and R'
7 may

be deduced two fluxional equations of the lecond order, ex-

preffing the relation between three diftances D, D', and D 77
,

&c. which may always be reduced to one fluxional equation of

the fourth order exprefling the relation between one abfcifs and

its correlpondent ordinates, or the diftances from two given

points.

5. The general fluxional equation exprefling the relation be-

tween the diftances from two given points will be of the fourth

order, if no fluents are contained in it ; for it admits of four

different quantities to be aflumed at will, or according to the

conditions of the problem.

6. If fome points, to which the forces tend, are fltuated

at an infinite diftance ; that is, fome forces always act parallel

to themfelves ; from the given forces aCting either to given

points, or in parallel directions, by the equation fxDztzf'X

D'±//7 xb /7i:&c.= — vv can be deduced the fquare of the

velocity at a point P in terms of the diftances from two given

points, or of an abfcifs and ordinate ; if the centers, &c. and

parallel forces are all fltuated in the fame plane : or in terms of

the diftances from three points, or two abfciffe and an ordi-

M 2 nate.
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nate, if fituated in different planes ;
from the centers, &c.

and forces given, find the fum F of the forces in any direc-

tion (PL) (the direction of the tangent excepted) adting oil

the body at the point P, and the chord of curvature C of the

curve at the fame point and in the fame direction ; in the equa-

tion v~ = | F x C for v
z

fubflitute the value found before, and

there refuits an equation expreffing the relation between the

diftances from two points, or an abfci'fs and ordinate, &c if

the forces adt in the fame plane : but if the forces aft in dif-

ferent planes, find the fum F and F 7 of the forces at the point

P in directions which are not both fituated in one plane with

the tangent and each other ; and alfo the chords C and C 7 of

curvature in thofe directions in terms of the diftances from

three points, or two abfciffe and one ordinate, &c. In the

equations f=:lFxC and v~— \ F
7

x C 7
for v

z
fubflitute its

value found from the principles before given; and there refult

two fluxional equations of the fecond order expreffing the rela-

tion between the diftances from three points, or two abfciffe

and an ordinate, &c.

PROP. VIII.

Fig. 9. Let a body move in
4
a curve Pp, See. and be adted

on at P7 by a force f (which is as any function of the

diflance SP7

)
tending to S ; let the velocities at P and p be

reprefented by the lines YP and yp in the direction of the tan-

gents to the points P and p ; refolve thefe forces YP andyjfr

into two others Yk and £P, and yl and Ip
, of which one £Y

and yl is parallel to the line SL ; the other £P and Ip is pa-

rallel toMP: let a body fall in the right line LS, and the

force adting on the body at M7
be to the force adting on the

body moving in the curve at P7
:: SM 7

; SP 7

,
and P 7M7

,
PM
and
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and pm be perpendicular to SL ; then, if the velocity of the
body falling in the right line SL at the point M be kY, the
velocity of the body at the point m acted on by the above men-
tioned forces will bejy/.

T his is eaiily demonftrated from the refolution of forces,

2 . Through S draw SN parallel to PM or pm
, &c., and

aflume in the line (SN) SP — FM and Sp—pm, and let the

force at P 7
in the line SN and diftance r^M'P 7

\ the force of the

body moving in the curve at the diftance P'S : P'M' : SP'

;

then if the velocity at the diftance SP =PM be P£, the velo-

city at the diftance Sp—pm will bey>/.

Cor. The force in the direction of the line SL vanishes in

the point where a perpendicular SN to the line SL parting

through the point S cuts the curve, and confequently the

velocity in the direction of SL in that point is the greateft or

leaft, &c.; but if the tangent of the curve be perpendicular in any

point to LS, then the velocity in the diredtion LS is nothing:

the lame may be applied to the velocity in any other direction.

Ex. Fig. i o. Let a body move in the circumference of a circle

SPA, of which the center of force is a point S in the circum-

ference ; it is known, that the force in the direction and at the

diftance SP is as SP~5 ;
but the force in the direction SP is by the

hypothefis to the force in the direction (Sx^) :: SP : SM, if PM
be perpendicular to SM, and confequently the force in the

direction (SA) is as SM x SP~ 6
; but if AS be a diameter,

AS x SM = SP 2

; therefore SM x SP~6 = SM x AS~3 x SM~3 =

-
M

...
; and the diameter AS being given, the force in the line

AS 3 ° °

SA varies as SM-% that is, inverfely as the fquare of the dif-

tance : if the force varies as SM~* then vv will vary as
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X
l > where v denotes the velocity ; and v1

will vary as

— _ JL, which agrees with the fquare of the velocity deduced
x SA 9

from the preceding principles ; for v = PY the velocity at P is

inverfely as the perpendicular SY = SM let fall from the center

of force on the tangent ; but SA 2

: 2SP x PA :: velocity PY as

; P/ the velocity at M ; whence Pl
z
(the fquare of the

S\ SIM

1 • 7V/r\ 4SP 2 x PA2
i DVl 1. t . 4SP 2 x PA2

„
velocity at M) = ;—^— x PY 2 which varies as -—

-

— X

1 4PA2 4SA2— 4SAX at j r ..1 iii—
? = ——

y

» and conlequently as the
SM S

A

J X SM SA3 x - ^ J v < a

SA4

1

x bA

hime as above.

2. Fig. 9. If any number of forces aft on a body at P in

any given directions parallel, or tending to given points ; re-

folve all the forces into two others ; one in a given direction

SM, and the other in a direction PM perpendicular to it, of

which let F be the fum of the forces refulting in the direction

MwS, and f the fum of the forces refulting in the direction

PM ; refolve the velocity V of the body at P, which is in the

the direction of the tangent PY, into two others V' and V",

one in the direction parallel to the line SM, and the other per-

pendicular to it : in the fame manner refolve the velocity v of

the body at/>, which is in the direction of the tangent py, into

two others v' and v", one in the direction parallel to the line

SM, and the other perpendicular to it : then if the velocity

of the body moving in the right line SM at M be and it is

constantly aCted on by a force = F, the velocity of the body at

in will be*z/ : and if the body move from P in a direction per-

pendicular to SM with a velocity as V", and be always aCted

on by a forcef the velocity at the diftance PM —pm will be

Cor,
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Cor. From the forces given and the velocities in the above

mentioned diredions at the point P, can be deduced the veloci-

ties in the fame diredions at the point/, and confequently the

tangent to the curve at the point p.

prop. ix.

1. Let the refinance of a body, moving in a right line, be as

any fundion V of the velocity v ; then will i — ~
, x =

; where /, v, and x ,
denote the increments of time, velo-

city, and fpace ; their fluents properly correded will give the

time and fpace in terms of the velocity.

2. Let a body move in a right line, and be aded on by an

accelerating force in that line, which varies as any fundion X
of the diflance x from a given point ; and refilled by a force

which is as any fundion V of the velocity ninto its denfity X 7
,

which varies alfo as a fundion of x and v

;

then will (X + tfVX 7

)

x— —vv, from its fluent x can be found in terms of v
,
or v

in terms of x; and thence / = of which the fluent
X+tfVX7

properly correded gives the time.

Ex. i. Let V =v2 and X /
a fundion of x; that is, let the

refinance be as the fquare of the velocity and denfity, whence

(X + ^‘P
2X/)^= — vv, of which equation the fluentiai will be

eJ iaXx __ _ r'

e fiaXx ^ X* + A, and t —
2 J

—h B, where A and B are

Sv - (<?
l 2flX X (/J 2aX * x Xx+A))

invariable quantities to be afiumed according to the condi-

tions of the problem,.
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1.2. Let tf'nX'and X — b, which is fnppofed to correfpond

nearly to the Slate of our atmofphere, then will v = —

J 4aX * X Xx=-2xW iat*x

J*
( fa ~ —

2 e~~
zatX~b x (^j'e zai*Jrb

'}tbx-\- A), £ being the number, whofe

hyperbolic log. is i, and and A quantities to be affumed

according to the conditions of the problem.

1.

q. Let X = X7

, and it becomes Xx =— and i—

V

X(l+aV) #

2. Let X be an homogeneous fundlion of one dimenfion of.v,

that is, ~ax, and V a limilar fun&ion of n dimensions of v9

that is = bvn
, and X 7

a fimilar function of r dimensions of a.'

1 and

v, and n + rm i ; then by fubSlituting %x and its fluxion for v

and its fluxion, can be found the fluent of the fluxional equation

(X + tfVX7

)
x~ — vv, and confequently the velocity and time

by the quadrature of curves in terms of the fpace ; and in like

manner of many other cafes.

3. Fig. 4. Let a body moving in a given curve be a&ed on

at any point P by a forcef tending to a given point S, and

refilled by a medium proportional to V a function of its velo-

city multiplied into its denfity X 7
a fun&ion of the distance

SP = D ; to find its velocity, time, and di(lance from the given

point S in terms of each other. Let F =/x the force in

the direction of the tangent PY, and confequently (F +

VX 7

)
A.= - vv, and v = f C xf, where A is the increment of

the arc, and C the chord of curvature in the direction SP ; but

fince the curve is given, the chord of curvature may be de-

duced from the distance, &c. and the increment A of the arc

from a function of the distance multiplied into the increment

4 of

2 X 2aX * x/
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of the diftance; then, if/ or v be a given fundlion of the
diftance, the other may be deduced from it, and confequently

-vvzzcp
:
(D) x D will be a given fun&ion of the diftance D

multiplied into D, whence we have <p :
(D) x D =D (/x

py— +X V) divide by D, and there refults an algebraical equa-

tion, from which V xX' may be found.

If neither v nor f be given, reduce the two equations

(fX— + VX') A = - vv and v* — \ Cf into one, fo as to ex-

terminate either / or v and its fluxions, and there refults an

equation exprefling the relation between the other v orf and D
and their fluxions : from the velocity given in terms of D may

be deduced the time from the equation i— —

.

3.2. If the body be a&ed on by forces tending to more points

S, S
/

, S", S'", &c. in the fame plane ; refolve each of the forces

into two ; one in the direction of the tangent, and the other

perpendicular to it ; let the fum of the forces in the dire&ion

of the tangent be F ; and in the direction perpendicular to it

be F ' ; and 2R the diameter of curvature at the point P, which

will be given in terms of the diftances from two points, or of

an abfcifs and ordinate, and their fluxions, &c. : aflfume the

two equations before given (F + X'V) A — — vis and <tf = F/R,
« •

and flnce A is always given in terms of D and D, if F and F'

be given in terms of D, D', &cfthe value of V x X' may

be acquired by a Ample algebraical equation : but if F and F'

be not given, and confequently v not given, but V a given

function of v 9 and X' a given fun&ion of the above mentioned

diftances ; then fubftitute for v its value ^(F'R) in the func-

tion V, and the fluxion of | F'R for vv, and there will refult

Vol. LXXVI 1I. N an
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an equation involving D and F' and their fluxions, and F ; but

if the forces tending to all the points but one are given in terms

of the diftance D, or abfcifs or ordinate of the curve, and their

fluxions ; then from F' can be found F, and, vice verfd,

from F can be found Fr

,
and confequently there refults a

fluxional equation exprefling the relation between F or F' and

the diftance D or D', &c. or abfcifs or ordinate, and their

fluxions*

From F and F', and confequently v being found in terms

of D, Dft &c. can be deduced / = ?.

.

7
f

The fame method may be applied, if fome forces tend to an

infinite diftance, that is, a£t parallel to themfelves, and others

tend to given points.

.Ex, Let the accelerating force be dire&ly as the arc = x, and

the refiftance uniform = a ; then will (* - a) x= — vv, and

confequently x
r — 2ax + B := — v

1

; let A be the arc, where the

velocity = 0 ; then will the equation A1 - 2dA - x* 4- 2ax =

and the increment of the time —r ,

v */(A — 2cA— 4" 2ax)
9

whofe integral is x arc of a circle, of which the radius is

A-^and cof.=r:x — a, where A is the diftance of the point

from 'Which the body begins to fall, and the lowed: point of the

curve ; and the accelerating force x - a is as the diftance from

a point (a) of a curve, of which the diftance from the lowed:

is a.

Cor. The times of the body falling from any point of the

curve to a will be equal.

Cor

.

The body on this hypothefis will either reft at the

point a
, or at the lowed point, or any point between + a and

- a



Centripetal Forces, 9

1

— ; for it may reft at any point, where the refifting force is

always equal or greater than the accelerating force.

Cor. 'Let n be the number of vibrations, then the diftance

of the arc, to which it will afcend from the loweft point at n

vibrations, will be A — 2na ; if A - 2na be not greater than

2

a

y it will never pafs the loweft point.

Philofophical enquiries require fome corrections, which do

not enter into mathematical calculus; for example, in fome

cafes the calculus changes the quantities from negative to affir-

mative, &c. when from philofophical confiderations they are not

changed ; and, vice verja
,
they may be changed to affirmative,

&c. on philofophical confiderations, when they are not changed

from the calculus : and alfo a body may ftop, &c. from philo-

fophical confiderations, as in the preceding example, when it

does not follow from the algebraical calculus, &c. It is fur-

ther to be obferved, that refiftances are always to be taken

affirmatively.

Ex. 2. Let the accelerating force be as the arc, that is, the

diftance from the loweft point, and the refiftance as the velo-

city; then will the fluxional equation (F — V) A = — vv be

(ax - v) x = — vv
9
which is an homogeneous equation of the

firft order : write in it zx for v 9
and its fluxion for v, and

there- refults the equation (ax - zx) x x= - zx
z

z - z'xx, whence

(a -z) x — -zxz-z*x and - = "'3 and thence log. #=

- i log. (a -z + z
1

)
(W) cir. arc, whofe radius is

and tangent (z-f)+B, whence can be found v= x%9

and from curvilinear areas i= ^

.

N 2 If
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If 4a is lefs than i, then it becomes log. x~W-
4

25 ^J ^ I
^ t ^

log. 1_= ^ 4- B ; where B is an invariable quantity to be
4" 2 “ ft 2

afiumcd according to the conditions of the problem.

Cor. if the force be diredtly as the diftance, or as the arc of

the curve from the body to the lowed; point, and the refiftance

as the velocity ; then will the velocity in one arc be to the

velocity in the correfponding point of another arc, as the arcs

to be defcribed ; and confequently the times equal.

4. If the body is adted on by forces tending to points S, S',

S", &c. ftuated in different planes, then let F be the fum of

the forces in the direction of the tangent at the point P ; F'

and F" the fum of the forces adting on the body in two dif-

ferent diredtions at the fame point, which are not fituated in

the fame plane with the tangent and each other ; from the

three equations (F 4- X'V) A= -vv and £ = f F' and ^ = £ F",

in which the fame letters denote the fame quantities as be-

fore, and C and C' denotes the chords of curvature in the

fame diredtions as the forces F' and F", which from the curve

being given can be found at any point ; and if F' or F7/
is

given in terms of the diftance from a given point, or an

abfcifs or ordinate, &c. the velocity v can be found in terms

of the fame, and X'V by a fimple algebraical equation : if F'

is not given, and V is a given fundtion of v, fubftitute in V
for v its value C xF'), and there refults an equation ex-

preffing the relation between F (which can be deduced from

F' or F") and the diftance of the body from fome given point,

or the abfciflae and ordinates of the curve required, and their

fluxions.

If
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If fome of the forces aCt in parallel directions
; the forces,

Velocities, &c. may be found by the fame method.

prop. x.
f

Fig. 1 1. Let a body be projected in a direction HL with a given

velocity, and be acted on by a force in a direction parallel to AP
= which varies as X a function of a* ; and alfo by another

force in a direction parallel to MP =y, that is, perpendicular to

AP, which force varies as Y a function of y; and let it move
in a medium, of which the refinance is proportional to the

velocity ; to find the curve defcribed.

Find the fluent of (X-f x— - vv , which corrected ac-

cording to the conditions of the problem (viz. fo that v at the

point H may be to the velocity of projection :: He : H£,

where be is drawn perpendicular to AP) fuppofe u^X 7

; find

the fluent of -h, which corrected fo as to become = o, when

= AH, let be X77
. In the fame manner find the fluent of

(Y + a'v
>
') y—— v'v\ which corrected, fo that v' at the point H

may be to the velocity of projection :: cb : H£, fuppofe v'—

Y 7
; find the fluent of A, which corrected fo as to become ~o9

when PM — o, letbe = Y77
; aflume X/7 = Y", and thence from

x findy : take AP = ,v and PM~y y
and M will be a point in

the curve, which a body projected in the line HL deferibes

;

and if Mm in the direction parallel to HAP : mo perpendicular

to it :: velocity v : velocity v\ then will M<? be a tangent to

the curve in the point M.

2. If a body is aCted on by forces tending to any given points

S, S', S
7/

,
&c. which vary as given functions of their diftances

from the body, and refitted by a force which varies according

to a given function V of the velocity (v) into its deufity X7
,

4 where
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where X 7
varies according to lome function of the diftances

from the given points, &c ; to find the curve defcribed.

I. From the diftances of the body from two given points, or the

abfcifs and ordinate of the curve defcribed, and their fluxions,

&c. find the forces acting in the direction of the tangent to

the curve, and in fome other direction, which fuppofeF and F /

;

and alfo the chord of curvature in the above mentioned direc-

tion, which let be C; then from the equations (Fq-VxX 7

)

A = - vv and ~ \ Cx F reduced into one by writing for v

its value in the function V, and for vv its value deduced from

the equation v z — \ C x F, and for A (the fluxion of the arc)

its value deduced from the diftances, &c. will refult an equa-

tion exprefling the relation between the diftances from two

given points to the curve, or its abfcifs and ordinates, and

their fluxions.

3. If the forces are not all fituated in the fame plane, then

from the before given equation (F +Vx X') A = — vv, and the

two others vx — § C x F7 and v 1 = \ C 7F 7/

, where F denotes the

force in the direction of the tangent, and F' and F;/
are the

forces in different directions, which both are not fituated in the

fame plane with each other and the tangent, and in which

directions the chords of curvature are refpeCtively C and

C 7

; fince the quantities F, F7

,
and F7/

; C and C 7
and A (as

proved before) can all be exprefled in terms of the diftances

from three given points, or from two abfciflie and one ordinate,

and their refpeCtive fluxions ; may be deduced two fluxional

equations exprefling the relation between the diftances from

three given points, or two abfciflae and an ordinate, &c.

The fame principles may be applied to cafes, in which fome

of the forces aCt in parallel directions.

1 On
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On moveable Centers ,

PROP. XI.

i. Given the refpedlive places of {n) bodies S, S', S", S'
7
',

&c. in the curves A, A', A", A'", &c. at the fame time,

and in the fame plane, and the forces of all the bodies adin^

on S, except two, S' and S" ; to find the forces of the two

bodies S' and S" on the body S.

This propofition may be relolved by the method given in

Prop. 4. for to produce the fame effect the fame finite forces

will be requifite, whether the centers of forces reft or move in

given curves.

1.2. If the bodies S, S', S", See, move in different planes,

then all the forces atting on the body, except three, may be

given, which may be acquired from the method given in the

fame propofition.

Hence it appears, that 2n forces may be requifite to be found

from the conditions of the problem to determine all the bodies

to move in their refpe&ive curves, when they are all fituated in

the fame plane, and that 3 x n forces may be requifite in

different planes, See, if the force of one body (S') on another

(S") does not at all depend on the force of the fame body

(S') on any other (S'") ; and if the fame can be predicated of

the reft, then n . n — 3 forces of the above mentioned bodies in

the fame, or n . » — 4 forces in different planes may be alfumed

at will.

3-
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3. If the velocities v
, v\ v"

,

&c. at every point of the arcs

tf, of y a" , See. of the
(
n

)
above mentioned curves A, A\ A'\

Sec. be given in terms of their arcs, abfciffae, or ordinates,

&c. and the places in which the bodies are fituated at the

fame time in the arcs b
,
b\ b" , Sec. of fome other curves B, B',

B/x

, &c. find the correfponding velocities V, V', V", Sec. at

the fame time of the bodies in the curves B, B', B", &c.

;

then make — = -r =— = &c. = —, or which is equal to it =

b' b"__or=—

=

&c. From the fluents of the fluxional equations

refulting properly corre&ed will be found the arcs a, a\ a'\

Scc. deferibed by the bodies in the curves A, A', A", See . in

the fame time as the correfpondent arcs b
9
b'

, b" Sec . ; and

from thence, by the method given in the preceding cafe, may

be deduced the forces.

The fame principles may be applied to bodies moving in re-

fitting mediums.

PROP. XII.

Given the law of the forces of two bodies a&ing on each

other, to find the two curves by them deferibed.

Fig. 12. Aflume x and jy for the abfeifs (AP) and ordinate

(PM) of one curve, and z and u for the abfeifs (AP") and

ordinate (P'M') of the other ; where the abfciffae AP and AP'

begin 'from the fame point A, and are fituated in the fame line ;

then will the diftance (DrrM'M) between the bodies =
- - t X

s/%— x + Uz±zy ) ; let the forces of the body placed at M on

that at M', and of the body placed at M /
on that at M vary

as <p : (D) =F, and cp
/

: (D)r:F/

; and let Mf> = x and^w=y;

then will cofine of the angle wMM/
to radius (i)be-^i* x

t> N J
x)

y
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.77^-^— ~ir x \Tr~ ;- c » anc} confequently the force in

the dire&ion of the tangent M/« will be c x F, whence —Dv
zzc x F x \/.* -f y (A) and *i/ = | CF, where C is the chord

of curvature in the dire&iou of the force (F) = </

1

- e'

x 2— Z~
}

-7 -
; and v the velocity of the body in the curve,

jx - xy

whole abfeifs is .v and ordinate y.

In the fame manner let
x±z
D

'

V Z~ + K“ D ^ 8* +^
the cofine ol the angle made between the di(lance MM' and

arc of the curve of which the abfeifs is z and ordinate a, and

confequently c' x F' will be the force in the direction of its

tangent* and therefore - v'v' ^fxF'x s/z
1

+ u
z

(A) and v
/l =

i C 7
F', where C' is the chord of curvature in the direflion of

the force(F')=\/i - c'~ x z --
x
- and v' the velocity of

{uz —zu)

the body in the curve whofe abfeifs is z and ordinate a ; then,

becaufe the times of deferibing correfpondent arcs in the two

curves are equal, their increments will be equal, and confe-

quentiy t =———— 7
—

•

and there are deduced five

fluxional equations, containing fix variable quantities v, v '
; x9

y ; z, and u , and their fluxions; reduce thele equations, fothat

four of them (v, &c.) may be exterminated, and there will

refult an equation exprefling the relation between * and y
the abfeifs and ordinate of one curve, or z and u the abfeifs

and ordinate of the other curve, and their fluxions ; the

fluential equation of which being found, and properly cor-

re&ed, gives the equation to the curve.

Vol. LXXVIII. O The
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The five equations are eafily reduced to three by extermi-

nating the quantities v and y'.

The fiuxional equation refulting will moll: commonly be of

the fifth order, as evidently appears from the nature of the

problem.

2 . The fame principles may be applied to determine the

curves, when the bodies move in mediums, of which the

refiftances are given : for example, fuppofe the refifiances to

vary as a function of the difiance from a given point into a

function of the velocity : to the forces in the directions of the

tangents contained in ti^ie preceding cafe mufi be added or fub-

tradted the given refifiances for the forces in the directions of

the tangents, and the remaining procefs will be the lame as is

before given.

If two bodies defcribe fimilar orbits round a common center,

either quiefcentor moving uniformly in a right line ; the forces

and velocities and refifiances of the medium will be to each

other in correfpondent points as their refpedtive diftances from

the center.

PROP. XIII.

Given the forces adting on any bodies, and tending to points

cither moveable or quiefcent, or in the direction of the tan-

gents, &c. ; to find the curve defcribed by one of the bodies.

* i. Afiume .v andjy for the abfcifs and ordinate of the curve

required, and from thence may be deduced the difiances from

any quiefcent center of force, and confequently the forcej in

that direction ; refolve it into two others, one in the direction

of the tangent, and the other in a different one ; for example,

let it be in a direction perpendicular to the tangent, and from

their fluxions x and y , and the force f may, by the method

3 before
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before given, be deduced the forces in the two above mentioned

directions ; and in the fame manner may be found from x
, y,

„v, andy, the forces m the directions of the tangent and per-

pendicular to it, which follow from all the forces tending to

given points, and adting on the body moving in the curve to be

inveftigated. 2. If fome of the centers of force move in

given curves B, B', B", &c. whofe arcs let be denoted

by B, B', &c. and their refpeCtive places at the fame time

are given ; then from their rcfpeCtive places given and forces,

and .v and y , and a* and y, can, as before, be deduced the

forces in the direction of the tangent and its perpendicular to

the curve required. 3. If other centers of forces move in

given curves A, A', A", &c. and the velocities are given at

every point of the curves ; let A, A ', A
/x

,
&c. be the arcs of

the curves A, A', A", Sec. and fuppofe v, v', v", See. their

correfpondent velocities ; then, if the increments of the time

A 4/ a"
be given, will — ——-r=&c. but as the velocities are given

& V V v °

at every point of the curves, v in the curve (A) will be given

in terms of its ablcifs, ordinate, arc, &c. and confequently

— in terms of the fame quantities and their firft fluxions ; the

fame may be affirmed of the fluxions in the curves A",
V

A ", &c. j hence, from the equation — — ^ ,
can be deduced

the relation between the ablcifs or ordinate, See. of the curve

A and its correfpondent abfcils or ordinate, Sec. of the curve

A /

; and fo of the remaining curves ;
hence this cafe is reduced

to the preceding ; but it is neceflary alio, that the times of the

bodies in the two cafes fhould be the fame, in order that the
• •

places may correfpond, and confequently —
,
where V

O 2 denotes



ioo JDr . Waring on

denotes the velocity of the body at any point of the curve 13

from which equation can be deduced the correfpondent abfciflie

and ordinates, &c. of the curves B and A ; and thence

the two cafes are reduced to the preceding, whence the

correfpondent forces in the diredlions of the tangent, and per-

pendicular to it, can be found as above. 4. If fome
(
m
)

of

the centers move in curves L, L/, L/r
, &c to be deduced from,

the laws of the forces being given which act on them
; aflame

3 and u9 z
/ and a', s7/ and u'\ Sec. for their respective abfcilfae

and correfpondent ordinates ; and from them andy and x, y and

x, find the forces acting on the body moving in the curve re-

quired in the direction of the tangent, and perpendicular to it,

ns before ; then add all the forces deduced which adt perpen-

dicular to the tangent and alfo all contained in the direction

of the tangent together with the refilling force in the fame

direction, and let the lum.s refillking be refpedtively F and F' ::

by the fame method find the fum of the forces which a£t on the

bodies moving in L, L/, Lv
, Sic. in the directions of the tan-

gents, and perpendiculars to them, which fuppofe S and s. S' and

f, S" and s'\ Sec. ; then reduce the 2 (w + 1) equations of the-

formulae found above, viz. d'-F x
*

and —w = F
)x—*y

s/x-\-y
z

; v' z — sx
+uz a

U2L— ZU
and --yVrrS x v/z+zi*; v'

/% —

/ x — -

Z'Z

it' %'— z'ti

and — v" xv"zz S ; x z"
z

+ u
/,z

, &c. ; where v>

v\ v"9 v'" 9 Sec. refpedtively denote the correfpondent velo-

cities of the bodies moving in the curves, whofe abfeiflae are

x, z, z', z"
y Sec.

;

and alfo the (m+ 1) equations — = —x
- y =•

\/?jru ^(in+un ) v/(i'
n+u'/z

) c .
• • , / , /N—~r-=•—

—

= ^777-— =&c. containing the 3 (/«+ 1 )
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-f i variable quantities x andjy, % and u, %' and u\ z" and

&c., r, v\ &c., and the variable quantity contained in

B and V, into one, lb that all the variable quantities except x

and y and their fluxions may be exterminated, and there re-

lults an equation to the curve required exprefling the relation

between x and y its abfeifs and ordinate, and their fluxions.

5. If the forces are not fltuated in the lame plane, affume X,

x and y, for the two abfcilfae and ordinates of the curve re-

quired ; and Z, s and u
; Z ;

,
2/ and u '

; Z"', z" and u"
; &c.

for the two abfeiffe and ordinates of the (//?) curves L, L',

L/', & c. refpe&ively ; and from the preceding method may be

acquired the 3 (m 4- 1) equationsV=F x C, = x C', and

— vv—F" x v/

X

2
-f x +y

x

; v' z=S x C', v'
?

z=z<rc' and — v'v'

~sxs/Z'+z l +u z
; v"1 = S'C" = Fc" and - v"v" = s' x

^(Z' z + if 2 + ii
/z

) ;
a/"2 = S"C"' = /V" and - v"'v" =r s" x

v/(Z
//2 + z"z -Fu"

1

) ;
&g. ; in which v denotes the velocity in

the required curve, and v\ v" , v'
/:/

, &c. the correfpondent

velocities in the curves L, L', L", &c. ; and F, F', and F"

;

S, <r and s S', <r
f and s' ; S", a" and s" ; &c. denote the forces

ading on the refpedive bodies in two different planes and in

the tangents, which planes cut each other in the tangents of

the curves; and C and c , &c., C' and c\ &c., C" and c",

&c. the i chords or radii of curvature in thofe two planes to the

different curves in the directions of the forces ; and alfo the

. „ .
,B _

V X*+xx + y* +
(tn+ 1 )

equations before mentioned ^ ' *

= Sec. ; where V'X* + * +y% +
V

z' + ii'\

&c. are the fluxions of the arcs of the required curve, and of

the curves L, L', L", Sec. reduce thefe 4« + 4 equations con-

taining
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taming 4/# + 5 variable quantities into two, fo that all the varia-

ble quantities except three, X, .v, andjy, and their fluxions may

be exterminated
; and there refult the two equations required.

It may be obferved, that when the refinance arifing from

the denfity of the medium and velocity (v) of the body varies

as X' x v + X, where X and X 7
are as functions of the diflances

from given points, the refolution of the fluxional equations

will generally be more eafy, than when the refinance varies as

other functions of the velocities.

If the force acts equally on the particles of the body and

fluid, then the force by which a body defeends in a medium is

as the whole force X a£ling on the body at the given diflance

multiplied into a fra&ion whofe numerator is the difference be-

tween the denfity of the body (D) and fluid (X 7

)
at that dif-

tance and denominator D, that is, as X x ———

.

Many cafes might have been given, in which the fluxional

equations could have been refolved ; but in general their fluents

can only be found by means of converging feriefes.

f
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VIII. Experiments on local Heat. In a Letterfrom James Six,

Ej(j. to the Rev. Francis Wollafton, LL.B, F. R. S.

Read January io, 1788.

DEAR SIR,

T HE following experiments are a continuation of thole

I had the pleafure of communicating to you fome time

fince, relating to the diverfity of local heat in the atmofphere

;

and confirm, in a more particular manner, my former obfer*

vations refpe£ling a remarkable refrigeration, which, in clear

weather, takes place near the earth ; for, although its furface

in the day-time is then moft liable to be heated by the fun, yet

after that is fet, and during the night, the air is always found

coldeft near the ground, particularly in vallies. This pheno-

menon, for want of noflurnal obfervations, has been but lately

noticed probably becaufe in the day-time, efpecial.ly when

the

* Within thefe few years.

Mr. Wilson, in the Philofophical Tranfa&ions, 1780, p 467. and 1781, p.

368. defcribing the eifeds of a Severe froft at GlaSgow, mentions a remarkable

refrigeration, which he perceived to take place on the Surface of the Snow and.

hoar-froft, which Sunk the mercury in a thermometer laid upon it many degrees

lower than one SuSpended twenty four feet above it. This phenomenon,, he Says,

had recently come under ohfervation . ;
but SuppoSing (I preSume) the principle of

refrigeration to operate only on the Surface of the Snow, or hoar-froft, when the

cold was Severe, it doss not appear he made experiments at any other time.

In
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the Weather is {fill and warm, the difference of temperature

is reverfed, the reflection of the fun’s rays from the earth

heating the air more below than it does above.

The experiments in my former Paper * were made partly in

autumn, and partly in winter ; and, the local variations dif-

fering in fome meafure with the feafons, I was defirous of

continuing a feries of experiments throughout one entire year*

To this end, therefore, I fufpended proper thermometers + in

a fhadv northern al'pecf, in the open air, at different heights

$

one in my garden at nine feet, and another in the Cathedral

Tower 220 feet from the ground; continuing my journal*

with the omiffion of a few days only, from July 1784 till

July 1785.

In the fummer of 1783, risking experiments with thermometers, which I had

eonftrucled to (hew the greateft degrees of heat and cold that happened in the

obierver’s abfence, Ifirftperceived this no&urnal refrigeration in the lowed drat uni

of the atmofphere ;
for by fufpending thefe thermometers at different altitudes,

and viewing them only once in twenty- four hours, I found the true maximum

and minimum of the heat and cold, which had happened during that time in

’their feveral flations.
*— e

A writer irt the Gentleman’s Magazine, for March 1785, p. I70, who did me

the honour to mention my former Paper, containing Experiments on Local Hcat>

obferved, that the"effe£ts of a fliarp froft, which happened in December of tbepre -

eedingyear
,
appeared to be much more fevere among the Vegetables in the vallies than

On the hills
;

an'd by taking the difference of temperature with thermometers at

that time, he found them Vary from 5 to 1 7 degrees, according to their feveral

ftations;

M. oe Saussure, in his Voyages darts les Alpes, Vol. II. publiflied 1786,

fays, “ Quant a l’obfervation biert curieufe et been nouvclle de M. Pictet, que pen-

dant la nuit la couche d’air la plus bade depuis la terre jufques a 5 pieds au-defl"u?

ed plus froide que les couches fuiVarttes depuis 5 pieds jufque a 30.”

* Philofophical Tranfa&ions, Vol. LXXIV. p. 428.

f Conftru&ed to give the true maximum and minimum that may happen in

he obferver’s abfence. See Philofophical Tranfaftions* Vol, LXXII. p. 72.

The
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The refuit entirely correfponded with what I had before ob-

ferved refpe£Hng the no&urnal diminution of heat, and the

particular ftate of the atmofphere requifite to produce it. The
greateft variations which happened within the year were in

O&ober and June; in the former month, the thermometers

generally differed moft in the night; in the latter, moft in the

day. From the 25th to the 28th of October, the heat below,

in the night, exceeded, in a fmall degree, the heat above, at

which time there was frequent rain, fometimes mingled with

hail. From the Lith to the 14th, and alfo on the 31ft, there

was no variation at all ; during which time likewife the wea-

ther was rainy ; all the reft of the month proving clear, the

air was found colder below than it was above, fometimes 9 or

10 degrees. In the month of June, the greateft no&urnal

variations happened from the nth to the 13th, and from the

25th to the 30th ; at both which times there appeared to be

two currents of wind, the upper current from the S.W.,

the lower from the N.E. *. On cloudy nights, the loweft

thermometer fometimes fhewed the heat to be a degree or two

warmer than the upper one ; but in the day time the heat

below conftantly exceeded the heat above more than in the

month of O&ober. See Tab. I. and II. f-

Being

* Sometimes thefe were rendered vifible by clouds in different flrata, moving

in different dire&ions, and at other times by clouds moving in a contrary direction

to a very fenfible current of air below.

•f-
The obfervations of the wind and weather were taken at Canterbury. In

all the tables, the nocturnal degrees of cold belong to the night immediately

preceding the day to the date of which they are placed.—With my thermometer

I have fometimes fufpended hygrometers ;
but their movement, although as con-

formable as poffible to the moifture of the air, had not a fufficiently regular

correfpondence with the variation of the thermometers to be inferted in the

Vol. LXXVIJI. P Table<
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Being defirous of knowing whether the no£lurnal refrigera-

tion increafed on a nearer approach to the furface of the earth*

I placed, in the midfl of an open meadow, on the bank of the

river, near this city, two thermometers ; one on the ground,

and the other fix feet above it ;
with thefe, and the two others

before mentioned, one on the tower, and the other in my
garden, I made obfervations from the ioth to the 23d of Ofto-

ber, 1786. See Tab. III. But as the thermometer fix feet

from the ground, in the meadow, nearly agreed with that in the

garden at nine feet, I have omitted an account of the latter ill’

this table of companion. Here I found, as before, the noc-

turnal variations entirely regulated by the clearnefs, or the-

clondinefs, of the Iky ; and although they did not always

happen in the fame proportion to the refpedlive altitudes, yet,

when the thermometers differed at all, that on the ground was

always the coldefl.

Finding fo confiderable a difference as three degrees and a

half, within fix feet of the earth’s furface, I increafed the
1

number of my thermometers in the meadow to four ; one of

them I funk in the ground, another I placed juft upon the

ground, a third I fufpended at three feet, and a fourth at fix

feet from the ground ; at the fame time I placed three thermo-

meters in an open garden on St. Thomas’s Hill, where the

land is level with the Cathedral Tower, and about a mile

diftant from it ; here I likewife put one in the ground, ano-

ther juft upon it, and fufpended a third fix feet above it.

tables of comparifon. It is true, when the weather was clear and not too cold,

the upper ones indicated drynefs more than the lower; but in frolly weather, the

contraction and expanfion of the hygrometers being impeded by the froil, they did

wot in any regular manner agree with the variations of the thermometer.

With
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With thefe feven thermometers and the two, before men-
tioned, in the city, I continued a diary for twenty days, taking

alfo every morning the temperature of the water in the river;

but the weather proving cloudy foon after, the thermometers
hardly varied at all, feven or eight days only excepted. After

this time I never rectified them but when the appearance of

the weather gave me reafon to expedl that they would vary confi-

derably. fee the obfervations that were then taken Tab. IV.

;

by which it appears, that the cold in the night was generally

greater in the valley than that on the hill ; but that the varia-

tions between the thermometers on the ground, and thofe fix

feet above them, were often as great on the hill as in the

valley.

Perceiving now, that a difference of temperature was
frequently found within three feet from the ground, I refolved

to try hill nearer; but my thermometers being eighteen

inches in height could not be applied fo near to the furface of

the earth as my experiment required ; I therefore conftru&ed

two others for the particular purpofe
;
and by bending down

the large tube, the bulb or body of the thermometer, to an

horizontal pofition, while the fmaller tubes remained in a ver-

tical one, I was enabled to afeertain the different degrees of

heat from the ground to a fmgle inch.

At certain times, when the weather was clear, I expofed

thefe two horizontal thermometers in an open place, fufpend-

ing one of them, fo as to bring the body of it within an inch

of the ground, and the other nine inches above it. When
the variation among the other thermometers was confiderable,

I found alfo a difference between thefe ; the lower one indi-

cating fometimes more than two degrees lefs heat than th«

P 2 upper



ioS Mr, Six’s Experiments

upper one, although they were placed fo near to each other.

See Tab. V.

From the foregoing experiments it appears, that a greater

diminution of heat frequently takes place near the earth in

the night-time, than at any elevation in the atmofphere

within the limits of my inquiry ; and that the greateft degrees

of cold are at fuch times always found neared to the luiface

of the earth ; that this is a conftant and regular operation of

nature, under certain circumftances and difpofitions of the

atmofphere, and takes place at all leafons of the year ; that

this difference never happens in any confiderable degree but

when the air is dill, and the Iky perfectly unclouded*; but

the moided vapour, fuch as dews and fogs -f-> did not, as far

as I could perceive, at all impede, but rather increafe the refri-

geration. In very fevere frods, when the air frequently depo-

sits a great quantity of frozen vapour, I have generally found

it greated J ; but the excefs of heat, which in day-time, in the

fummer feafon, was found at the lower dation, in the winter

diminhhed almod to nothing.

The foregoing experiments related to the difference of heat,

which, at certain times, is found at different altitudes; the

* Free from clouds which float higher in the air than fogs, and are fufHciently

opaque to hide the ftars from our view even in the zenith.

+ When fogs covered the valley, the refrigeration below was confiderable; hut

they very feldom reached fo high as the upper thermometer, and the Iky was dear

above. No variation during rain, except mingled with hail.

* This remarkable diminution of heat near the furface of the earth in clear

weather, after the fun is fet, and in the night, proceeds, I apprehend, partly

from the coolnefs which the dews or vapours poflibly may acquire in their defeent,

and partly from the evaporation which takes place at the fame time from all moii\

or frozen bodies expofed to the open air, particularly from thole on which the dew

•r hoar froft is depofited.

7 following
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following to the different degrees of heat obferved at different

fituations in refped to the fea fhore. Tab. VI. and VII. contain

a fet of correfponding obfervations ; among which are thcfe

you were fo obliging as to take for me at Chiflehurft * ; others

at the fame time were taken in my garden, and on the Cathe-

dral Tower; and others on the fea-fhore, about feven miles

N.N.W. from Canterbury, where the thermometer was fuf-

pended about 40 feet above high-water mark, 14 from the

ground, and about 100 yards from the feaf.

By Tab. VI. it appears, that every night, one only ex-

cepted, during that time, the air was coldeff at Chiflehurft

;

and that the mean heat at the fea-fhore was equal to that on

the tower at Canterbury. In the month of June (Tab. VII.)

it is remarkable, that the cold was flill greater in the night at

Chiflehurff than at any of the other places, excepting where

there appeared two currents of wind, the upper current

from the S.YV. and the lower from the N.E. ; at which time

alfo there was the greatefl difference between the thermometer

in the garden and that on the tower.

Tab. VIII. contains obfervations taken only at particular

times, when the weather was extremely cold ; and (hews how

nearly at fuch times the temperature in the night, at the fea-

fhore, generally agreed with that on the Cathedral Tower

;

with this exception, however, that on the 1 8th, 2 iff, and

22d of February, 1784, a little fnow falling at feveral times

in the day, the evenings after being clear, and the wind at N.E
,,

the thermometer on the fea-fhore, contrary to what ulually

happened, gave the cold greater than the thermometer on the

* The thermometer at Chiflehurft was fufpended twelve feet from the ground.

f The thermometer on the Cathedral Tower was, elevated about 200 above

that on the fea-fhore.

tower

;
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tower ; but under fimilar circumftances I have face feen the

lame.

The- following experiments relate to the variation of local

heat in the earth iti'eif; the diverfity of which appears from

the different heat of the water iffuing from it at different

places *. It has been conjectured, that the diverfity of the

temperature of fprings may probably depend on their different

elevations in the earth, with refpeCt to the level of the fea.

Two remarkably deep wells, both near the fea- (here, and

not .far diftaut from Canterbury, gave me a favourable oppor-

tunity of making experimental inquiry into this matter; efpe-

cially as the fituation of the two fprings differed considerably

from each other in refpedt to the level of the fea. One of

thefe is a well in Dover Caftle, which is funk 360 feet through

the high cliff of chalk on which the Caftle Stands, and the

depth of the well is nearly equal to the height of the cliff

from the fea. The other is King’s-Well at Sheernefs f

,

which was funk 330 feet through almoft one entire Stratum

of firm clay, where the furface of the ground is only four feet

above high water.

Supposing therefore the fpring in Dover well to lie level

with the fea, the fpring of the well at Sheernefs lies 326 feet

below it ; a circumftance extremely favourable to my experi-

* The temperature here meant is not that of the very hot fprings which proceed

from particular local caufes, fometimes rifing near the furface of the earth
;
nor

of fprings which are near enough to the furface of the earth to be affedted by the

change of temperature in the atmofphere
;
but that heat which being found at a

great depth is more likely to be permanent, and may be fuppofed to originate from

•fome general caufe in the earth.

+ See an account of finking this curious well by Sir Thomas Page, Phil.

Tranf. Vol. LXXIV. p. 6.

ment.
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meat. The temperature of the fprings I took in the following

manner.

After fathoming each well with a line and plummet, I let

one thermometer down to the bottom, and fixed another on the

line, io as to reach to half the depth only, keeping a third to

take the temperature of the air at the top.

Degrees of heat in the wells.

Oct. 6, 1784. Temperature of

the water in King’s Well,

at Sheernefs.

By thermometerat thetop53*

By ditto at the middle 5 1

By ditto at the bottom 56

Found the well 280 feet

deep * with 1 80 feet water.

Sept. 28, 1784. Temperature of

the water in the new well in

Dover Caflle.

By thermometer at the top 56°

By ditto at the middle 52

By ditto at the bottom 48

1

Found the well ^60 feet deep

with 21 feet water.

About noon was the time of day when I made the experi-

ments at both places, and the top of the relpedlive wrells vary-

ing from each other depended w'holly on the accidental tempe-

rature of the atmoiphere at the time; but that the thermome-

ter at half the depth of the well at Dover gave nearly the

mean heat of the top and bottom, while that in a correfpond-

ing fituation in the well at Sheernefs gave it colder than either

top or bottom, 1 attribute to the following circumfiance.

Over the well at Sheernefs a machine is erected, which railes

the water by means of an horizontal windmill, working an

endlefs chain. This chain, confiffing of jointed double bars,

with a number of buckets fixed thereon, at certain difiances

from each other, continually delcending into, and afeending

•ut of the water, to an elevation of eight or nine feet above

* The fand brought up from the bottom of the well by the force of the fpring

kas reduced it to its prefent depth.

the.-
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the top of the well, may be fuppofed to reduce the water as

far as It reaches to the mean temperature of the air above ; and

thus I found it; for 51 degrees had been the mean temperature

of the air near the fea-fhore for feveral days before. At the

bottom of the well, near to which the chain never defcends, 1

found the temperature 56 degrees; above 7 degrees warmer

than that at Dover well.

The water at the bottom of thefe wells is, I prefume, too

deep beneath the furface of the earth ever to be affe£led by the

temperature of the atmofphere ; for if the heat of the fummer

could have had any influence on either of them, that at Dover

muft have been mod confiderably affe&ed by it, efpecially in

the month of September ; and the air was fomething warmer

when the experiment was made at Dover than at Sheernefs.

prom the nature of the different kinds of ffrata in which thefe

wells are dug, had they been in all other circumffances the

fame, one might reafonably exped to find the warmer fpring in

the chalk, and the colder in the clay ; but here the reverfe is

feen, without any apparent local caufe, except the different

•levations of the fprings in refped to the level of the fea.

Canterbury,

Auguft l, 1787.

I am, &c.

JAMES SIX.

TABLE
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TABLE I.

Thermometers at different lfnions compared together.
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5 41 5 1 10 572 56 + il Partly clear. — — Clear. E 29.9
6 4 1 47 — 6 56 55 + 1 Clear. — — — — E 30.1
7 40 4b 6 542 5 2i

4- 2 Clear. — — — _ E 30.1

29 .

q

8 40 4^ i
— 6-1 55 53 4- 2 Clear. — — E

9 391 43 3i 53 5» + 2 Cloudy. — - Partlyclear. E 2 9 9IO 44i 45 ““ °2 5°1 49 -M£ Cloudy. _ _ Rain. E 29.Q
1

1

44 44 54 5i + 3 Showery. _ — — — NW 30.0
12 4+ 44 55i 53 + 2 i Showery. Cloudy. NE 3°. 2

30.2
i3 45 46 1 56 55 4- 1 Showery. — — — — NE
*4 44 44

9i

5° 481 -Mi Cloudy. Clear. — — E 30.1
15 3 1

!
4i —

5°l 49 4-4 Clear. — — — NE 30 0
16 281 3»t

— 10 53 5 1 ! + 4 Clear. — _ E 30.0
*7 28 3SJ — IOI 54 52§ + 4 5artly clear. — — E 30.0
i 8 29 38i

—
9 i 56 53 + 3

Clear. — — — — E 29.9
1 9 34 40 6 5 8 54 + 4 Partly clear. — — Clear. NE 29.7
20 3°1 37 6 § 54* 5i] + 3

Clear. Cloudy. Clear. NE 29.9
21 33 35 2 5i 52 — 1 Clear. — - _ _ NE

3°. 1

22 43* 44
—

°i 55

1

54 Mi*Cloudy. 5artly clear. SW 20.0

23 43 46 —

—

3 56 54 4-2 1

Mifty rain. — - Cloudy. W 29.7
24 3 2 i 34 45i 43 + 2ijUear. — - lain. NW 29 4
25 3 1 3°i + 43 40

1

4. 24 ,Cloudy. - — — — NW 29.7

26 35l 3 2 i
4-

3 44 43i 4- of Cloudy.
lain with

hail.
— - NE 29.9

27 40 39 4- 1 47 46 4-

1

1lain. — — - - NE 30.0
28 42 4‘ 4- 1 471 46 4-41lain. — — - - NE 30.0

29 40 42 — 2 47 48 -1 Ploudy. lain. NE 3°.o

3° 40 40 5i 50 + 1 Cloudy. lain. N 2 9‘9

3 l 45 44 4- 1 50 49 4-1 Cloudy. — — — — W 29,8
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TABLE II.

Thermometers at different ftations compared together
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!

1 7^

V7igh t.

1

Day.

Morning. Afternoon. Even-

ing.

Wind.
Barometer.

T** 02

r-* 4-

b/ O
11

the

,

tower.
“Diffeff

ence.

In

the
garden.

On

the

tower.

1

Difter-

!

ence.

June 0 O O C O O
In.

1 47 46 4-

1

65 59 + 6 Showery. - - — - W 29.8

2 47 48 -1 65 61 + 4 Clear. Cloudy. — - N 29.8

3 46 47 ' *
: 7 l 67 *f 4 Partly clear. — — Clear. sw 29.9

4 42| 46 ~31 7° 66 4- 4 Pai tly clear. Clear. SW.NE 29.8

5 54 54 68 60 4- 8 Partly clear. Cloudy. Rain. W 29.7

6 5 1 49 4 2 1 1 57 4- 4 Cloudy. - — - - S 30 O

7 43 45 — 2 62 58 + 4 Cloudy. — — Rain. SE 3°°
8 53z 521 4-

1

73 66 4-
7

Rain. — — Showery. SSW 30.0

9 50 55 + I 75 70 4 5
Partlyclear. - — - - SW 3°.2

10 5 6 55 4- 1 78 74 4 4 Clear. — - — - w 3°’3
1

1

54 57i -3i 84 74 + 10 Clear. - — - _ sw 3°-

4

1

2

53 57 -4 7i 63 4 8 Clear. _ _ — — SW.NE 3°-3

*3
j

4i 49 -8 6 7i 64 + 3i Clear. - - - - SW.NE: 30.

2

14 ! 42

1

5°| -8 69 64 4 5
Clear. — — - — SW.NE

:
30 2

*5
j

48 53 -5 78 73 4- 5
Clear. _ — Hazy. SW.NE 3°.°

16 54 54 — 68 60 4- 8 Clear. — - - - w 29 9
17 48 46 4 2 61 60 4- 1 Showery. — — Clear. N 29.8

18 5° 49 4- 1 64 61 4 3
Cloudy. Partlyclear. _ _ N 30.2

*9 48 48

—

61 57 4 4 Cloudy. - — Clear. NE 30-3

20 45 48 “3 6 5 60 4 5
Cloudy'. Clear. Cloudy. NE 3°-3

2 I 5 1 49 4- 2 64 59 4 5
Cloudy. — - - - NE 3°*3

22 47 45 4- 2 641 6o| + 4 Cloudy. Clear. — — NEN 3°-3
O O
J 5 1 49i + l \ 61 57 + 4 Mi fly rain. _ _ Cloudy. NE 3o-3

24 52 5 1 4- 1 62 58 4 4 Cloudy. Clear. - _ NE 3°-4

25 40 48 -8 6 3 60 4 3 Cloudy. - - Clear. SW.NEI30 3
26 44

1

49 -4i 68 63i 4 4| Cloudy. — - Clear SW.NE, 30.

2

27 43 52 -9 67 61 4 6 Clear. Partlyclear. Cloudy. SW.NEj30 .o
28 56 55 4-

1

70 66 § 4 3i Partlyclear. - — Clear. SW.NE; 29.9
29 49i 55 ~S\ 72 68 4 4 Clear. — — — - SW.NE 29.9

3° 5° 55 -s 75 69 + 6 Clear. - — — — SW.NE 29.8

TABLE
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Night.

N> -« K> N> Oo N> K> P -4 Co 4* C/J *0 NO to K>
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TABLE V.

JI 7

Thermometers at different ftations compared together.

*

Gre'ateft cold in the night.

Horizontal thermo- •

meters. Vertical thermometers. Difference Diff. on

on the the

One inch 9 inches C Meadow Meadow Meadow ground ground

above the above the on the three feet fix feet and three and fix

ground. ground. 2 ground. above the above the feet above. feet

ground. ground. above.

O O 0 O O O O O

Dec. 31 27 i 29 li 28 29 3 1 I 3

1787

Jan - 3 -
oil
002 34 of 33 33 34 — 1

4 37 i 38 of 34 35 3 8 I. 4
8 21 22 I 21 22 24 1 3

1

1

24! 27 oiz z 27 i 28 3 i °2 3i
1

2

21 23 2 21 2 3i 26 2f 5
*3 3°i 32 If 34 34§ 37 0f 3
14 22 j 24 if 23 25 28 2 5

Feb. 6 27I 29I 2 28 29 32 1 4
23 iBf 20 if 19 21 23 2 4 J

TABLE
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Mr. Six’s ’Experiments

TABLE VI.

Thermometers at different ffitions compared together.

Night. Day. -

[704

j

i

r
e~‘,

r*

• =

<

2

C3

Ci:

O

1
On

the

tower

t

C

1

< 1
At

Chiflehurft.

11In
the

garden.

|

l

0

1

|On
the

tower.

u 1

r*.

V

«

Morning. Afternoon. Ev.ening. Wind.
Barometer.

Oa.
1 0 9
1

* ^ s38 43'i

.

44

O

47
O

52
0

- _ 1

302

0

5t
c

55 Cloudy. SW
In.

3°-°

|

2 3 44 43 4b 46 52 5° 54 5 b Mifty rain. Partly clear. Cloudy. W 29.7

:
-431 32 I 34 34 42 4^1 43 4 1 Clear. — — Rain. NW 29.4

25 24 3i 3°i 33 3 6 43 4o 40 Partly clear. Hail Clear. Cloudy. NW 29.7

2 5 2 9 35l
Ooi-0-2 3f> 45 44 43 45 Partly clear.Hail. - — Showery. NE 29.9

2 / 3 1 40 39 4c 44 47 4o 46 Rain. — — Cloudy. NE 3°-°
'

28 33 42 4i 42 45 47 i 46 47 Rain. - — - - NNE 30 0

29 33 4° 42 43 46 47 48 47 Cloi;dy. Rain. Showery. NNE 30.0

3° *> 0
JO 42 40 4 1

49 49 5
° 56 Cloudy. - — Rain. N 29 9

3 1 42 45 44 44 45 50 49 47 Cloudy. Clear. Cloudy. NW 29.8

Nov.

1 4° 4 1 42 42 49 55 5 1 5° Rain. Showery. —r — SW 29.7

2 39 42 44 44 46 43l 49 47 Clear. — — — — w 29.8

3 3 2 j 352 34 49 5° 482 5
1 Cloudy. Clear. — — NW 29.9

4 34 34 38 37 48 48 * 48 5 1 Cloudy. - — — - s 29.8

5 32 33 38 38 43 452 45 45 Mifty rain. — — — — E 29.6

6 39
3S

42 42i 44 44 46 43 45 Mifty rain. — — — — E 29-5

7 42 42 42 44 46 44 46 Mifty rain. — — _ — E 29.8

8 27 35 36 4i 39 452 42 45 Clear. — — — — S 3°.o

9 27 284 32 3° 44 46 45 46 Cloudy. Rain. — — s 29.7

10 37 38 4o 41 5 1 54 54 — Cloudy. Clear. Rain. SW 29.6

1

1

4 1 49 50 56 54 5
1 57 Rain. — — — SW 29-3

12 45 5° 50 48 49 56 48 5 6 Rain. Clear. — — N 29-3

x 3 36 38 44 41 47 542 5 1 49 Cloudy. — — Clear. 'NW 29.7

H 3 1 38 4i 44 53 552'54 55 Cloudy. Rain. — — NW 29.8

J 5 37 4i 4i 43 52 55 54 55 Rain. — — — — NW 29.7

16 38 42 43 42 47 53^5* 49 Clear. — — — — SW 29.9

i/ 37 40 37 39 5 ! 2 5i 50 50 Rain. Hail. — - Clear. NW 29.7

18 35 43 46 47 5° 49 49 Showery. — — — — NW 29.7

i9 27 3 1 32 35 — 432 37 4J Partly clear. Rain. — — NW 29.8

20 25 292 3° 33 35 40 38 39 Clear. Rain. — — NW 29.9

21 22 28 3° 34 36 37 37 38 Clear. — - — — • NNW 30.2

22 25 27 29 29 40 4o| 45 43 Partly clear. Showery. Cloudy. W
TABLE
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T A B L E VII.

Thermometers at different Nations compared together.

l 7 85

Night. Day.

Morning.

9

Afternoon. Evening. Wind.
Barometer.

At

Chiflehuift.

1In
the

garden.

|On
the

tower.

!
<U

c
c:

1

02

,
D
li

-C
*-*

4-t

<

1 5

V
55

O
< In

the

garden.

On

the

tower.

1

1

Atthefea-fliore.

1

June r O O ' O O O O
In.

i 46 +7 46 47 61 65 59 61 Showery. - — — — W 29 8

2 47 47 48 50 61 65 61 62 Clear. Cloudy. - — N 29.8

3 49 46 47 46 74 7
1 67 69 Partly clear. — — — _ SW 29.9

4 45 42 46 44 ?i TO 66 69 Partly clear. - — Clear. SW.NE 29.8

5 52 54 54 54 64 68 60 66 Partlyclear. Cloudy. Rain. W 29.7

6 48 5 i 49 5 1 6 3 67 57 61 Cloudy. _ _ _ _ S. N 3o.o

7 43 43 45 45 6 3 62 58 60 Cloudy. — — Rain. SES 3
°.o

8 53 53 52 54 67 73 66 70 Rain. — — Showery. ssw 3°.o

9 55 5
? 55 55 75 75 7

° 73 Partlyclear. — — - — sw 3°. 2

10 50 5 6 55 52 82 78 74 8b Clear. — - — — w 3° 3

i i 54 54 57 57 78 84 74 ss Clear. — ' — — - sw 30.4

12 56 53 57 55 76 7 1 6 3 84 Clear. - - — — SW.NF 30*3

l Z 49 41 49 77 67 § 64 Clear. — - — — SW.NE 30.2

14 4b 42 \ 5 °i 47 7 i 69 64 68 Clear. — — — — SW.NE 30.2

IS 5 i 48 53 5 i 79 78 73 76 Clear. — — Hazy. SW.NE 30.0

ib 5 i 54 >4 50 6 3 b8 60 7 i Clear. — — Rain. W 29.9

i 7 47 48 46 47 6 3 61 60 61 Showery. _ _ Clear. N 29.8

i 8 48 50 49 5 1 C b 64 61 64 Cloudy. Partlyclear. - — N 3°.2

i 9 44 48 48 50 b9 61 57 6 3 Cloudy. — — Clear. NE 3° -3

20 42 45 48 5 1 69 65 60 61 Cloudy. Clear. Cloudy. NE 3°-3

2 1 52 5 i 49 50 67 164 59 bo jCloudy. - - — — NE 3°-3

22 42 +7 i 44 5 i 70 64
t

6o 62 Cloudy. _ _ — — NEN 3°-3

2 3 48 5 1 49 50 0 61 I57 b 3 Mifty rain. — - Cloudy. NE 3°-3
!

2^ 44 S 2 5 1 54 169 62 58 60 'Cloudy. Clear. _ NE 3°-4

25 45 40 48 53 70 63 60 6 5
Cloudy. — - Clear. N h 3°*3

26 47 44 49 52 75 68 632 64 Cloudy. Clear. — — S'W. \ E 30.2

27 51 52 5 1 7 1 67 '61 ^3 Clear. Partly clear. Cloudy. oW.NE 30.0

28 53
!
55 55 56 72 70 66 70 Partlyclear. — — Clear. SW.NF 29.9

29 5° t49h 55 55 75 I

72 68 66 Clear. — — — — SW NE 29.9

5° 49 |5° J55 57 81 75 •
°9 b 7

Clear. SW.N h. 29.8

7
TABLE
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TABLE VIII.

Thermometers at different ftations compared together.

.
*

Night. Day.

In the

garden.

On the

tower.

At the

fea-lhore.

In the

garden

On the

tower.

At the

fea-fhore.

O O O O 0 O

1784, Dec. 10 9 J 5 H 21 20 27
1

1

5 12 12 25 22 29

25 *7 21 21 33 3 2 33
2b 23 27 27 3^ 35 32

1785, Feb. 7 25 28 38 38 37
18 *5 l

7 'l A little fnow f 3° 3 i 30
21 10 J 3 t* fell on thefe 3 « 36 36

22 17 21 16 J days, l 32 33 38
25 27 3 1 3 1 44 41 40

Mar. 1 18 21 20 •

32 3 1 32

3 23 25 25 36 35 36
6 25 3° 3° 38 39 38
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IX. Obfervations on the Manner in which G/afs is charged with

the eledlric Fluid, and difcharged. By Edward Whitaker

Gray, M. D. F. R. S. ,

Read January 17, 1788.

D R. Franklin, in various parts of the firft volume

of his Experiments and Obfervations, aflerts, That

the natural quantity of eleftric fluid in glafs cannot be

increafed or decreafed ; and that it is impoflible to add any

to one furface of a plate or jar, unlefs an equal quantity be, at

the lame time, given out from the other furface *. This error

has been adopted by fucceeding eleftricians
; among others, by

the late Mr. Henly, who in one of his lafl: Papers, printed

in the Philofopliical Tranfa&ions for the year 1777, has

the following words :
44 According to Dr. Franklin’s theory,

44 the fame quantity of the electric matter which is thrown
44 upon one of the furfaces of glafs, in the operation of charg-

44 ing it, is at the fame time repelled or driven out from the other

“ furface; and thus one of the furfaces becomes charged plus,

46 the other minus; and that this is really the cafe is, I

44 think, fatisfadtorily proved, See. -f.”

Becc ari A alfo has adopted the fame opinion, faying, “ That

*( a quantity of excelfive fire cannot be introduced into one

* “ The quantity proportioned to glafs it flrongly and obftinarely retain?, and

“ will have neither more nor lefs.” Experiments and Obfervations, Vol. I. p. 26 .

See alfo p. 75 81. et alibi.

-j- Philosophical Tran factions, Vol. LXVII. p. iOO.

Vol. LXXVI 1 I. R “ furface,
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“ furface, but inafmuch as an equal dofe of natural fire can

“ quit the other furface*.”

Thefe aflertions are, I apprehend, dlredtly contrary to what

really happens. lnftead of which, 1 believe, we mav fafely

aflert, that giafs, and every other known fubftance, may have

its natural quantity of eledtric fluid either increafed or dimi-

nifhed to a certain limited degree; which degree bears no pro-

portion to the quantity of matter contained in a body, but is

[cateris paribus
)
in proportion to the extent of its furface.

This law, which is, perhaps, without exception, may be

confidered as one of the fundamental laws of eledtricity, and

one upon which many of its principal phenomena depend.

At prefent I fhall only confider it fo far as it is the caufe of

what is commonly called the charge of a coated jar.

Suppofe fuch a jar infulated, and connected by its knob to

the prime condudtor of an eledtric machine ; if then the ma-

chine be put in adtion, a certain quantity of eledtric fluid

(agreeable to the above-mentioned law) is added to the natural

quantity belonging to the inner furface of the jar. After

which, if the finger, or any other conducting fubftance, be

prefented to the outer coating of the jar, a quantity of eledtric

fluid, nearly equal to that thrown in, comes from it. But

this departure of eledtric fluid from the outfide of the jar,

cannot be (as Dr. Franklin fuppofes it) the caufe which per-

mits the addition of fluid to the infide, but is merely the con-

fequence of the adtion of that fuperfluous quantity which was

thrown in. And the operator may, if he pleafes, inflead of

taking eledtric fluid from the outfide of the jar, take out again

(by touching the knob) nearly the whole of what he had

* Treatife upon Artificial Ele&ricity, Eng. Tranf. fe&. 181.

thrown



electric Charge and Difcharge. 1 23

thrown in, which lie could not do if an equal quantity had

already gone from the outfide of the jar *.

When the quantity already fpoken of has been taken from

the outfide of the jar (the equilibrium being nearly reftored)

another quantity like the firft may again be added to the inner

furface : after which a fimilar quantity may again be taken

from the outfide : thus, by the fucceffion of a fufficient num-

ber of the quantities allowed by the before-mentioned law, the

jar may, at length, be completely charged.

There are other ways of charging coated glafs ; but if it be

allowed, that the charge, in the foregoing inftance, is produced

in the manner I have fuppofed, it will not, I think, be dif-

puted, that all other charges are produced by a fimilar alterna-

tion of fmall quantities. This, however, will appear more

clear from the obfervations I (hall now make on the manner in

which the difcharge is produced.

When the aftonifhing velocity with which the charge of a

jar or battery moves through a confiderable fpace is conlidered,

it may at firft appear impofiible, that the difcharge fhould be

made by the alternate giving and receiving fuch fmall quantities

as thofe by which the charge was produced
;
yet a more ample

confideration of the matter will, I think, fhew that it cannot
1

poffibly be brought about any other way.

I prefume it will be granted, that the charge of a jar (in

difcharging) either leaves it all at once, or goes out by the fame

fmall quantities by which it went in. To fuppofe any inter-

* Much difpute has arifen among electricians refpedting the degree of charge

which may be given to an infulated jar
;
but no one, that I know of, has taken

notice of a deception which will happen, if care be not taken that the fame fide,

by which the jar is attempted to be charged, be firft touched in trying whether it be

charged or not; whereas it is clear, from what has been faid, that, if the con-

trary furface be firft touched, a lmall charge will, from that very circumftance,

be produced.

R 2 mediate
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mediate manner would neither leffen the difficulty, nor would

it he confonantto any of the known laws of eledtricity.

If then the whole charge leave the jar all at once, there

mud: be a point of time at which the jar will be without any

eledtric fluid either on one fide or the other : nay more, fup-
.

pofe a large jar or battery to be difeharged by means of a few

inches of thin wire, there will then be a point of time at

which the whole quantity of eledtric fluid, which conftituted

the charge, mud: be contained in a piece of wire, weighing

only a few grains.

Now, If it be confidered, that time (like matter) is infinitely

divifible, may we not rather luppofe, that the difeharge of ajar

is nothing more than an inconceivably rapid fucceflion of fuch

fmall quantities as may be lent off, wfithout caufing fuch a

deflrudtion of the equilibrium as the laws of eledlricity feem

not to admit ?

That this fuppofition is not quite free from objections I

readily admit; but before they are permitted to overthrow7
it,

let it be wTell confidered, whether they are (upon the whole) as

ffrong as thofe I have ffated againft the oppofite opinion, which

I think may be pronounced to militate not only againff what

has been here mentioned as a fundamental law of eledtricity
?

but alfo againft every known fadt.

/
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X. ’Experiments cn the cooling of Water below its freezing

Point. By Charles Blagden, M. D. Sec . R. S. and F. A. S.

Read January 3 r, 1788.

T T J’HEN the experiments for determining the degree of

V V cold at which quickfilver becomes folid, related in the

Philofophical Tran factions for 1783, were under confideration,

no difficulty occurred in explaining the phenomena that had

been obferved, except in the few inftances where the mercury

in the thermometer congealed, whilft it was furrounded with

fome of the fame metal in a fluid ifate. The well-known pro-

perty of water, that under different circum fiances it will bear

to be cooled feveral degrees below its freezing point without

congealing, afforded from analogy the moft probable folution

of this difficulty ; but as neither the caul'e of that property

had been inveffigated, nor the circumftances by which it is

modified had been afcertained, 1 was led to attempt fome expe-

riments on the fubjeft ; not only in hopes of elucidating the

above-mentioned phenomenon of the quickfilver, but alfo

becaufe this very quality in water was itfelf a curious fubjecf of

refearch.

I began with endeavouring to determine, whether this pro-

perty belongs to it as pure water, or depends upon extraneous

admixtures. For that purpofe I poured fome clean diftilled

water into a common tumbler glafs, till it reached two or

three inches above the bottom, and then fet the glafs in a

frigorific
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frigorific mixture, made with fnow and common fait. This

was the method 1 ufed in moft of the following experiments,

fometimes employing ice infiead of fnow, fubftituting a glafs

jar or cylinder inftead of a tumbler, and filling the vefifel to a

greater or lefs height above the bottom. I found that, in the

frigoric mixture, the diftilled water readily funk many degrees

below 32°, ftiil continuing fluid ; and by repeating the experi-

ment with care, I feveral times cooled it to 24% 23°!, and

even almoft to 23
0

. The temperature was afcertained by means

of a fmall thermometer with a Aiding fcale ; and though the

water was not of the fame degree of cold throughout, yet the

difference, when the experiment had been well conduced, was

not confiderable ; and I was particularly careful that the ther-

mometer fhould not touch the fides or bottom of the glafs, fo

as to be affe&ed immediately by the cold of the mixture.

From thefe experiments therefore it feemed evident, that the

property of being cooled below the freezing point did not de-

pend on extraneous admixture, efpeciailv as I found, by com-

parative trials, that common pump-water would fcarcely ever

bear to be cooled fo much. A11 ambiguity, however, {fill

remained, on account of the air which is always mixed with

water that has lain expofed to the atmofphere. In order to

determine what might be afcribed to this circumftance, I put

fome of the fame difiilled water over the fire to boil, in a clean

filver vefifel, and kept it in violent ebullition for a confiderable

time. In a few minutes after it had been taken off the fire,

and before it was nearly cold, I fet it in the frigorific mixture

after the ufual manner ; when, inftead of freezing more rea-

dily, it bore to be cooled two degrees lower than I had ever been

able to reduce the unboiled water, not congealing till the ther-

mometer in it had funk to 21
0
. Subfequent experiments were

attended
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attended with a fimilar refult, and have fufficiently convinced

me, that, other things equal, boiled water may be cooled a

greater number of degrees below the freezing point, without
congealing, than water which, not having undergone that

operation, retains the air it naturally imbibes.

As a further proof that the prefence of an aerial fluid in

water rather lefTens than increafes its quality of being cooled

below the freezing point, I found that diftilled water, which
had been for that purpofe impregnated with fixed air, generally

fhot into ice at a lefs degree of cold than the fame water in its

ordinary ftate. I fufpedl, however, that it is ufually by the

admixture of other aerial fubftances, fuch as dephlogifticated

air, phlogifticated air, or perhaps both, and not of fixed air,

that water is inclined to congeal loon after it has palled the

freezing point ; for, as will be feen hereafter, acids rather im-

prove than diminifh the quality in water of refitting conge-

lation.

To determine the effect of other extraneous fubftances, I

took fome very hard pump-water, fuch as is found in the

northern parts of London, and let it in the frigorihc mixture.

In general it congealed fooner by one or two degrees than un-

boiled diftilled water ; that is, at 25
0 or 24

0
of the thermo-

meter ; and as there was fome variation in this refpedf, I was

led to remark, that the greateft cooling ufually took place when

the water was moft clear and tranfparent. With a view to this

circumftance I took fome New-River water, which happened

at that time to be confiderably turbid, and tried it in the frigo-

rihc mixture ;
when I found, very unexpe&edly, that it was

not in my power to cool any of it below the freezing point

;

a cruft of ice always forming round the fides and at the bottom

of the vettel, whilft the thermometer, fufpended about the

2 middle
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middle of the water, was two or three degrees above 32
0
. To

try how far this depended on the foulnefs of the water, I col-

•le&ed fome of the muddy fediment which had been depofited

from the New -River water, and added it to the pump-water,

which had before born to be cooled to 24
0

or 25
0

, fo as to

render it turbid ; when it congealed, in the fame manner as

the New- River water had done, before the thermometer in the

middle of it came to the freezing point. It muft not however

be imagined, that water thus made turbid is incapable of being

cooled below 32
0
,
without freezing : I have fince repeated the

experiments, with more caution in conducting them, and re-

duced it two or three degrees below the point of congelation.

But hill they have all confirmed the general fa£t, that fubfances

which lefifen the tranfparency of water, render it at the

fame time much more difficult to be cooled below the freezing

point, and difpofe it to fhoot into ice more readily, after it

has pafied that point, than pure water would do. It feems to

be of little confequence what the fubffance is that renders the

water turbid : fmall particles of any kind floating through

it, I believe, have this effeCt, which does not take place, or at

leaf! to the fame degree, when the extraneous fubffance has

fublided to the bottom.

It is this circumffance, I fuppofe, which gave rife to the

opinion, that boiled water freezes fooner than unboiled : for if

the water contain calcareous earth, held in folution by 'means

of fixed air, as is the cafe with moff kinds of fpring-water,

this will be precipitated by the boiling, and will fenfibly trou-

ble the tranfparency of the water; which, if expofed to the

cold in that fate, will be liable to freeze fooner than the lame

kind of water unboiled and tranfparent *.

* See Fhi'.of >phical Tranfa&ions, Vol. LXV. p. 124.

The
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I he efte£t of this want of transparency was very different

from that of chemical mixture, as appeared by fubfequent

experiments.

Though the property of being cooled below the freezing point

appeared to belong eflentially to water in its pure ftate, it was pro-

bable that it would be in fome meafure altered or modified by
the various fubftances which are capable or being diflolved in,

^or chemically combining with, the water. But here a further

circumflance came to be confidered. It is well known, that

fuch fubftances, uniting with water, have a power of lower*

ing its point of congelation a greater or lefs number of de-

grees, according to the nature and quantity of the fubftance

employed. The firft object, therefore, was to determine in what

manner the property of bearing to be cooled would be affected

with regard to that new point of congelation. For this pur-

pofe I made many experiments with feveral different fubftances,

which it would be too long to relate in detail, but the princi-

pal were as follows.

Having diflolved in diftilled water as much common fait as

lowered its freezing point to 28% I cooled it to 1 8°-f before it

congealed. Another folution of the fame fait, whofe freezing

point was 16°, bore to be cooled to 9
0

; and a ftronger folution,

whofe freezing point was 13°!, cooled to 5
0
before it fhot. A

folution of nitre, whofe freezing point was 27
0
,
cooled to 16°,

that is, eleven degrees below its new freezing point; a folu-

tion of fal ammoniac, whofe freezing point was 1 2% cooled

to 3
0

; and one of Rochelle fait, freezing point 27T, buffered

the thermometer to fink in it to 1 6° before it froze ; a cooling-

equal to the greateft I ever obtained with the pureft diftilled

water boiled. A folution of green vitriol, whofe freezing

point was near 30°, cooled below ip°: and, of fal ts with an

Vol. LXXVIII. S earthy
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earthy bafis, a iolution of the common bitter purging fait,

whofe freezing point was at 25°!, bore to be cooled to 19
0

.

Acids, iis I have already had occafion to remark, rather

augment this quality of being cooled below the freezing point.

A combination of nitrous acid with diftilled water, in fucli

proportions that the new freezing point was between i8°and

1

9

0
,
funk down to 6° before it congealed; which being fully

1 2 degrees of cooling, is greater than I have been able to

produce with pure water. Another mixture of the fame kind,*

fo ftrong as to have its freezing point about 1 1°, cooled down

to i°. A mixture of vitriolic acid and diftilled water, whofe

freezing point was 24
0
!, cooled to 14®; and one with the acid

of fait, having its freezing point at 25% funk to 16° before

it froze. It is here to be obferved, that thefe acid mixtures

were rather remarkable for the fteadinefs with which they

bore to be cooled, and the little tendency they fhewed to fhoot

before they were funk much below the freezing point, than

for exceeding the number of degrees which pure water might

be cooled. Of the alkalies, a folution of tartar, whofe freez-

ing point was 2 5°!, cooled to 18°; and another, with the

freezing point at 1

5

0

, funk to 8°. A folution of cryflallifed

foda, freezing point 30°, cooled to 21
0

; and a folution of

mild volatile alkali, freezing point 19°, to n°. A mixture

of rectified fpirit of wine and water, whofe freezing point

was 12°, cooled to 5
0

; and another, with the freezing point

at 8°!, to 2*.

All thefe fads, with many others of the fame nature which

I obferved, fufficiently (hew, that foreign fubftances, chemi-

cally combined with or diffolved in water, do not take away

its property of being cooled below its point of congelation ;

though, by depreffing that point, they alter the degree of cold

at
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at which the- property commences. The experiments (hew,

that in fome cafes the mixed water bore to be cooled as much
below its new freezing point, as pure water below j2°; and

with regard to the others, I think the variation was no greater

than ufually takes place with different portions of common
water. Scarcely any, perhaps none, of the above-mentioned

points, were abfolutely the lowed to which the folutions or

mixtures could have been reduced, if the experiment had been

conducted dill more dowly and cautioufly. But however much
they might all podibly have born to be cooled, a great dif-

ference occurred among them in the eafe with which the ope-

ration fucceeded. For indance, the folutions of nitre, and of

Rochelle fait, would hardly ever fhoot till they were cooled

many degrees below their refpe&ive freezing points, however

negligently the operation was conduced ; whereas thofe of

common fait, fait of tartar, and fome others, required con-

dant attention to keep them from freezing, as foon as they

were got four or five degrees below the point of congelation.

Their difference in this refpedt may depend in part upon fome-

thing unknown in the nature of each particular fait ; but

there was one circumdance to be didin&ly traced, correfpond-

ing to what had been obferved with pure water; namely, that

the mod tranfparent, mod limpid folutions, were thofe which

admitted of being cooled with the greated eafe and certainty.

The fame obfervation holds good with regard to the mixtures :

thus the rectified fpirit I employed adumed fomething of an

opaline tinge upon being mixed with the water (from the fepa-

ation of an oil it contained) and the compofition bore to be

cooled but ill, though a film of oil, regularly fpread on its fur-

face, would rather have retarded the freezing ; and the acid mix-

tures, which cooled fo remarkably well, druck the eye parti-

S 2 cularlv
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cularly on account of their very perfect and uniform tranfpa-

rency. In this laft cafe, perhaps, another circumftance might

contribute to die eafy cooling, that the acids, by combining

with the water, feemed to expel the air it contained more per-

fectly than moft other fubftances, as appeared from the innu-

merable fmall bubbles that were almoft immediately formed.

Want of tranfparency, however, is only one among feverai

caufes which impair the property water naturally pofTefles, of

bearing to be cooled many degrees below its freezing point.

M. Mairan, in his elaborate Treadle upon Ice, having occa-

lion to examine this fubjeft, was led by his experiments to

conclude, that the cooling of water below its freezing point

depends upon reft, and that agitation is the general caufe by

which it is brought to fhoot into ice. In this opinion he has

been almoft implicitly followed by all the writers I have feen,

excepting only Profeflor Wilcke, of Stockholm *. To bring

it to the teft of experiment, I fet in the frigorific mixture fome

diddled water, which by boiling had been rendered capable of

fuftaining a cold of 21° before it froze. When this water was

cooled to 22 0
, I agitated it, by moving the tumbler, by fhak-

ing a quill in it, and by blowing on it fo as to ruffle the fur-

face ; but it fupported all thefe trials without congealing, and

did not fhoot till a minute or two afterwards, when by conti-

nuance in the frigorific mixture it was cooled down to 21
0
.

In other experiments, however, all the above-mentioned kinds

of agitation made fimilar water inftantly congeal, even when
not cooled fo low by feverai degrees. The congelation, there-

fore, muff: in thefe cafes have depended on fome further cir-

cumftance than the mere want of red. One that I fulpe&ed

is a fort of tremulation, rather agitating fmall portions of the

* Kongl. Vetenfk. Acad. Handlingar, Vol. XXX, p. 103. 105.

7 water
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water feparntely, than moving the whole together. I have

found, that ftriking the bottom of the tumbler againft a board

would produce inftant congelation, when ftirring the water, or

fhaking the tumbler in the hand, would have no effect. In

like manner, when in ftirring the cooled water the quill, or

flick of glafs, employed for that purpofe, ffrikes againft the

lide or bottom of the tumbler, the water, which had refifted

the general ftirring, is often by this percuffion made to freeze.

The fame effect is produced, and with lefs uncertainty, if the

quill, or ftick of glafs, be rubbed, and as it were ground,

againft the fide of the tumbler. But of all fuch methods

of bringing on the congelation, that which I have found

to fail the feldomeft, is to rub a bit of wax againft the

fide of the tumbler under the water; a particular roughnefs

in the motion is felt, with fome lound, approaching to a

mufical tremulation, and a cruft of ice is immediately

perceived under the wax upon the glafs. This efteft of the

wax I take to be mechanical, depending on its particular ffate

of confidence. Wood acts in the fame manner, though with

lefs certainty ; fo does a quill, and likewise glafs ; but the

latter, being very hard, produces theeffedft with leaft certainty.

It is a mechanical action upon the water in contact with the

rubbing fubftance and the glals : for if the outfide of the

tumbler, or any part of the infide above the water, be rubbed,

even if it be wet fo as to communicate a limilar feeling of

tremulation, yet ftill the congelation is not produced.

All thefe modes of bringing on the congelation lucceed beft,.

as might be expended, in proportion as the water is more cooled

below the freezing point. Unlefs the cooling amount to tour

or five degrees, the fri&ion with wax is often in vain.

From
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From the above-mentioned fa£ts it appears, that M.

Mairan’s pofition, though not deftitute of foundation, was

enounced by him too generally, and without fufficient precifion.
^ t

It is the natural property of water to bear to be cooled a certain

number of degrees without freezing ; reft favours this pro-

perty negatively, by giving it no interruption ; but moft kinds

of agitation interfere with its operation to a greater or lefs de-

gree, and fome perhaps would prevent it altogether; whilft

others affedft it fo little, as not to fuperinduce the congelation,

even when the cooling is brought within one degree of the

greateft that the water will bear.

Whatever be the effeft of agitation, there is another caufe

which much more powerfully haftens the congelation of water.

It has been long known, that when water is cooled below its

freezing point, the contaeft of the leaft particle of ice will in-

ftantly make it congeal, the glacial cryftals /hooting all

through the liquor, from the fpot where the ice touches it, till

the whole comes up to the freezing point. Few experiments

of the minute kind afford a more ftriking fpe&acle than this,

efpecially when the water has been cooled nearly as much as pof-

fible below the freezing point ; both from the beautiful manner

in which the cryftals (hoot through it, and the rapidity with
r

which the mercury in the thermometer immerfed in it runs up

through a fpaceof io or 1 1 degrees, flopping and fixing always

at 32 in pure water. If from any circumftance, however, as a

lefs cooling, or the addition of a fait, the (hooting of the ice

proceed more (lowly, the thermometer will often remain be-

low the freezing point even after there is much ice in the

liquor ; and does not rife rapidly, or to its due height, till fome

of the ice is formed clofe to its bulb ; which exemplifies the

3 evolution
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evolution of the latent heat from the very particles that

congeal.

Many of the circumftances attending the greater or lefs

cooling of water below its freezing point depend upon this

principle. In a calm day, when the temperature of the air

was about 20°, 1 expofed two veflels with diftilled water to

the cold ; one of them w7as (lightly covered with paper, the

other was left open : the former bore to be cooled many

degrees below the freezing point, whilft a cruft of ice

always formed on the furface of the other before the thermo-

meter immerfed in the middle of it came to the freezing

point. This phenomenon, which other obfervers have re-

marked without being able to account for it, appears to me
clearly owing to frozen particles, which in frofty weather are

almoft always floating about in the air, often perceptibly to the

fenfes. They come moft commonly either from clouds pafting

over head, or from (now or hoar-froft lying upon the earth

;

and when they touch the cooled furface of the water, inftantly

make it freeze. That the effedt does not depend (imply on

the contad! of cold air, is plain from the following experiment.

I expofed to the cold a glafs jar, with fome diftilled water, and

placed in it tw7o thermometers ; one immerfed in the water,

the other fufpended a little above its furface, in the empty part

of the jar. The latter funk fafter than the former ; but after

a certain time, the thermometer above the furface was at 25
0
,

and that in the water at 23°!, yet the water continued un-

frozen. I perceive too by M. Wilcke’s experiments, that

in much more intenfe cold than we ufually experience in this

country, veftels of water (landing within doors in a laboratory

are often cooled fo far below the freezing point as to become

almoft full of ice upon being made to (hoot, though the

furface
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furface of the water be in no wife defended from the cold air

of the laboratory. Oil fpread over the furface of water has

been found to prevent it from freezing, when other water

fimilarly expofed has had a cruft of ice formed upon it. This

1 afcribe entirely to the prevention of frozen particles from

coming in contact: with the water : for in experiments with fri-

gorific mixtures, in a room of moderate temperature, I do not

find that oil on the furface has any fenfible effect in enabling

water to fupport more cold, unlefs, indeed, where the 'Opera-

tion is otherwiie too much precipitated. Alfo a crack in the

tumbler containing the water prevents it from cooling below

the point of congelation, a thin film of ice infinuating itfelf

through the crack into contact with the water. And often, in

experiments with frigorific mixtures, the congelation is brought

on by railing the immerfed thermometer a little out of the

water, and lowering it down again ; fome of the adhering

water having frozen upon its ftem.

Several other circumftances, though not fo diftinclly afcer-

tained as the preceding, appear to facilitate the congelation of

cooled water. For inftance, in experiments with frigorific mix-

tures, if the cold be very intenfe, the water freezes almoft

immediately round the fides of the veffel, as if fomething

• depended on too fudden a change of temperature. Accord-

ingly, the only way of infuring the greateft degree of cold in

water without freezing, is to coo] it in a very gradual manner,

keeping the cold of the frigorific mixture regularly only two

or three degrees below that of the water. Sudden cooling, there-

fore, may be confidered as one of the caufes which haften conge-

lation. No doubt this will fometimes depend on luch a cold as

water cannot refift without freezing, being propagated through

the glais to the neareft part of the water, quicker than it can

be
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be diftributed to the reft of the water ; but, I think, the

above-mentioned effect takes place when no part of the fluid

can be fuppofed to be many degrees below the freezing point.

It has been alledged, that metal in contact, either with the

outflde of the veflel containing the water, or with the wrater

itfelf, dilpofes it to freeze fooner after it is cooled below 3 2°.

Though upon repeating this experiment I have found it poffible

to cool water in a metal veflel many degrees below its freezing

point, and even to touch it, when fo cooled, with metal

equally cold, without producing congelation
;
yet the metal

certainly tends to haften the freezing, and, I believe, on the

above-mentioned principle of too quick a change of tempera-

ture, occafioned by its quality as a good condu&or of heat.

For the fame reafon it is more difficult to cool water much

below the freezing point in thin veflels than in thofe whofe

bottom and fides are of confiderable thicknefs ; the latter

tranfmitting the heat more flowly, and allowing it thereby to

be diffufed more equably.

In cooling water below its freezing point by frigorific mix-

tures, it is of confequence to keep the mixture fome way

below the upper edge of the water within the tumbler, other-

wife the congelation quickly begins at that place. This very

likely depends on the principle laft mentioned, that the thin

edge of water riling up againft the fide of the glafs, being

more in contaT with air than with the general mafs of water,

does not fo eafily diftribute its cold, and therefore fufters a more

rapid change of temperature by the adlion of the mixture.
v

Hence one of the moft eflential precautions for cooling water

to the utmoft without congelation, is to perform the experi-

ment in a warm room, that the air in contaft with the edges

Vol. LXXVIII. T and
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and furface of the water may prevent their ludden cooling.

And one of the mod: convenient veflfels for the purpofe is a

round body terminating in a neck, the body to be lurrounded

with the frigorific mixture, whilft the water in the neck is

kept above the freezing point.

Thefe are the principal facts with which my experiments

have furnifhed me relative to the cooling of water below its

point of congelation. I fee no general cirqumftance that ap-

plies to them all. At one time I thought that much depended

on reducing the water into thin plates ; an idea which was

principally fuggefted by the more ready congelation of the

edges of the water where it rifes up as a thin film on the fides,

and by the effect of extraneous fubftances floating in the water

to haflen its freezing, which might be fuppofed frequently in

their motions to intercept fmall portions of the fluid, and form

it into thin plates. Agitation likewife might by reducing

the water in fome part or another into flmilar plates. And as

water impregnated with air appeared lefs capable of being

cooled than the fame water deprived of its air, it feemed not

impoflible that the air might a£t likewife by producing thin

plates in different parts of the fluid. With a view to this hy«

pothefls I made feveral experiments. Into a tumbler with

diddled water I put a quantity of fand, which fettled loofely

to the bottom, and left the water above as tranfparent as be-

fore. This tumbler being placed in the frigorific mixture,

the water bore to be cooled as well as it had done without this

addition. Laying thin bits of glafs upon one another at the

bottom of* the tumbler, in place of the fand, I found no dif-

ference in the effect. By this latter experiment it was more-

over proved, that points in the water do not perceptibly facili-

tate its crydallifation into ice. Now the thin plates or wedges

of
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of water, which muft be intercepted by the bits of fand or

glafs, feem very analogous to fuch as may be produced by

floating particles of extraneous matter ; and therefore the effect

of the latter is probably to be afcribed to fome other caufe,

fuch as haftening the cooling, or rendering it lefs uniform, or,

perhaps, communicating motion to the fluid.

In the preceding inftances, however, the water may be con-

fidered as conftituting, by its adhefion, a fort of continued

body with the fubftance it touches ; and it might be fuppofed

that, if one or both furfaces of the thin plate were in contact

with air only, the congelation would take place. I therefore

put down fome air, retained by a fmall difh of wax, into the

water to be cooled, and let it flay there till the whole was

reduced many degrees below the freezing point ; but no conge-

lation enfued : I then contrived to turn up the difli of wax in

the water, fo that the air it had carried down, efcaping from

under it, afcended as a bubble to the top of the water, and

there burft : ftill the water retained its fluidity, notwithftanding

the contact of a loofe bubble of fuch cold air, and the motion

produced by its explofion on the furface. In other experiments,

I have indeed feen the burfting of a bubble on the furface ap-

parently bring on the congelation ; but feemingly from the

agitation it occafioned. And though a wetted furface, or a

fmall thin portion of water, freeze in general more readily

than a larger mafs, yet I have feen inftances of a jar cooled

many degrees below the freezing point, and the water and air

in it equally cold, which had, notwithftanding, upon its in-

fide, from the furface of the water to an inch or more above

it, an evident dew that remained quite fluid, and rendered the

furface of the glafs wet. Under the fame circumftances alio, I

have raifed the thermometer out of the cooled w7ater, without

occafioning any congelation in the adhering thin film of that

T a fluid.
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fluid. Thefe faCts, though they do not fhew but that a film of

water, in contaCt on both lides with air below its freezing

point, would at once congeal, yet, I think, are fufficient to

prove, that its formation into thin plates is not a general caufe

of its early freezing.

From a confideration of the above-mentioned caufes of

freezing, and their various exceptions, I am led to think, that

the matter in queftion depends upon fome circumftance of the

more intimate nature or compofition of the water; for in-

ftance, the arrangement, attractions, and perhaps Ihape, of

its particles. If we fuppofe the particles of water to poflefs a

kind of polarity, that is, to have particular attracting points

or furfaces, properly arranged, not only its cryftallifation ill

regular angles, but likewife moft of the above-mentioned phae-

nomena, admit of fome kind of explanation. For latent heat,

be it a matter or motion, may be confidered as a caufe either

leflening the power or impeding the operation of this polarity ;

the effeCt of which is gradually diminifhed by external cold,

till at length the polarity entirely overcomes the refinance it

occafions, and the attracting points or furfaces rufh together.

Whatever tends, therefore, to bring thefe particles into a ftate

more advantageous for their junction, as by prefen ting their

attracting furfaces more direCtly to one another, forcing them

nearer together, or removing attractions of a contrary ten-

dency, and allowing the particles free fcope to follow the im-

pulfe of their polarity, mufl tend to haften the congelation.

When particles of water, already frozen, are prefented to

other fluid water of a proper degree of coldnefs, not only the

attracting furfaces will be in the mod favourable pofition from

the arrangement they have taken in the freezing, but very

poffibly their power may be ftronger from their union with

out
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one another ; and hence fuch water is inftantly brought ta

freeze. Indeed it is this circumftance which conftitutes the

freezing point ; for that point is evidently nothing elfe but

the degree of cold which renders the particles of any fluid

incapable of refifting the attractive power of other particles of

the fame fluid, already reduced into a i'olid form : and the fact,

that the cold of the freezing point is lefs than the fluid will

otherwife bear, feems a proof that when the particles have

acquired this arrangement of folidity, their attractive powers

are the ftrongefl j fo that the difference between the freezing

point, and the greateft cold the fluid will bear, may be conli-

dered as the meafure of this additional attractive force.

Agitation may be eafily conceived, by the various motions

impreflfed upon the particles, to occafion fome of them to apply

their polar points in a more advantageous pofition, or even to

force them nearer together ; and thefe effeCts are more likely to

be produced by an intimate agitation, than by a general motion

of the whole mafs. The want of tranfparency, in certain

cafes, as in fome folutions of falts, feems not owing to the

prefence of foreign matters, but rather to depend upon a par-

ticular arrangement of the combined particles, which may

difpofe thofeof the water to join more readily, and detach thole

of the fait. Extraneous fubftances, befides their indirect

effeCt, may, by various chances attending their floating in the

water, throw the particles into favourable fituations ; and if

thin plates are more difpofed to freeze, it may be, that the

particles of water in fuch are more free from counteracting

attractions.

Sudden cooling may promote congelation Amply by occa-

fioning the water at the bottom and fides of the veflel to ac-

quire a greater degree of cold than the reft. But perhaps it

may have alfo another effeCt, admitting of a particular expla-

nation.
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nation. Water in freezing undergoes a confiderable expanfion.

This may be afcribed to fuch a form of its particles, andpofi-

tion of their poles, as fhall make them, when touching and

adhering by thofe poles alone, intercept very large interflices,

which may be confidered as the pores of the ice. Various por-

tions of the poles and figures of the particles may be con-

ceived, which fhould caufe them to occupy more fpace, when

touching in certain points only, than they filled when lying

near without any contaft. But in whatever way the expan-

fion is produced, experiment hath ftiewn that it begins fome

time before congelation ; fo that when water is cooled down

to 32°, it is already fenfibly expanded; and if the congelation

does not take place here, this expanfion augments, in pro-

portion as the water is further cooled*. The expanfion,

therefore, being fo evidently an approach to freezing, may

be confidered as an indication that the polarity already pre-

vails fo far as to draw the particles fomewhat out of the

fituation they naturally aflame in the higher temperatures. And
it is conceivable, that if this operation go on very quick, and

the confequent change of pofition in the particles be made with

fome degree of velocity, they may acquire a fmall momentum
of motion, enabling them to overcome a refiftance which

would otherwife prevent their junction.

* In experiments where the water has cooled much below its freezing point,

I have feen the expanfion fo great as to bear a confiderable proportion to the

whole expanfion produced by freezing, which lafi, I believe, is more than one-

feventh of the volume of the water. It feemed to me as if the expanfion proceeded

in an increafing ratio, being much greater upon the lafi: degrees of cooling than it

was upon the firft. The difficulty of procuring a proper apparatus for thefe experi-

ments has hitherto prevented me from afcertaining the quantities withprecifion.

As
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As chemical combinations all depend upon attractions be-

tween the fubftances which unite, it is not difficult to conceive,

that a particle of fait, an acid, or the like, may attraCt a particle

of water in fuch a manner as (hall oppofeor diminish its attrac-

tion for the other particles of water. Hence the polarity may
be fo much weakened, as not to bear the fame proportion to the

refitting power of the latent heat, till this alfo is diminished

by a greater degree of cold, which conttitutes the new freez-

ing point. But when, by increafing the cold, all the powers

are reduced to a fimilar ttate of equilibrium, exaCtly the fame

phenomena take place as belong to the natural freezing point

of the water.

To afiift the conception, I have here reafoned upon the par-

ticles of water as folid, and of a determinate (nape. But it

feems mott probable, that the particles of matter in general

are nothing more than centres to certain attractive and repul-

five powers; on which hypothefis it may beunderttood, that if

two or more of thefe central points are brought much within

the limits of their refpeCtive attractions and repullions, thefe

powers will no longer be equal at equal diftances from their

common centre. Now fuch a combination of central points

may be considered as one particle of any particular matter

;

and the unequal diftances from the common centre at which

the attractions and repulfions are equal will define what may

be called the Shape of that particle. And if, at equal diftances,

the attraction or repulfion is much greater at one point than at

another, that will constitute a polarity.

The greateft cold I have been able to make water acquire

without freezing, is near 12 degrees of Fahrenheit’s Scale

below its common freezing point. Some diftilled water was*

boiled about a quarter of an hour in a tin cup, and placed in

the
.7.
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the fame veflel, whilft ftill warm, in the frigorific mixture. The

mixture was made to a£t very (lowly, fo that the operation con-

tinued more than an hour. When the immerfed thermometer

had lunk to 20°j, the water was dill fluid : I then (hook it

confiderably, but no ice formed. After waiting fome time,

and finding the thermometer would fink no lower, becaufe by

the length of the procefs the fnow of the mixture was almod

confumed, I added fome frelh materials, which could not be

done without (haking the tin cup. Still, however, the

water did not freeze inftantly, though it (hot as foon after

as it can be (uppofed to have felt the influence of the new

frigorific mixture. When this water was cooled to 240, I

tried the temperature of the air near its furface, and found

it 34
0
or 35

0
, the experiment being performed in a room with,

a fire.

Another time I cooled fome diftilled water, covered with

oil, below 21 0
, by fimilar precautions.

This, however, is by no means the greateft cooling of

which water is fufceptible. I11 Fahrenheit’s experiment,

with an exhaufted globe half full of boiled rain water, it

feems to have been cooled to 1

5

0 *. M. de Luc likewife in-

forms us, t that having filled a thermometer with fome water

he had purged of air by the means defcribed in his great work

upon the atmofphere, he expofed it to a cold which funk a mer-

curial thermometer to i4°of Fahrenheit’s fcale. The water

in the thermometer continued tranfparent, and upon breaking

the ball was found to be liquid, but froze that inftant. In

fome of my experiments too with mixtures of nitrous acid

and water, the liquor bore to be cooled as much as 13 degrees

* Philofophical Tranfaflions, Vol. XXXIII. p. 81.

f Idees fur la Mcteorologie, Tom, II. p. 105.

below
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below its new freezing point ; and it has been already ob-

ferved, that the addition of an acid always expelled much air from

the water. It is not improbable, therefore, that if water

could be thoroughly purged of air, it would readily bear to be

cooled 18 degrees, or more, below its freezing point, without

congelation
; though the deprivation of air, obtained by boil-

ing it, is fuch only as will barely enable it to admit a cooling

of j 2 degrees.

Other fluids may bear to be cooled much more below their

proper point of confolidation. This is evidently the cafe in

what Mr. Cavendish calls * the fpirituous congelation of

acids. Mr. Mc Nab’s nitrous acid bore to be cooled from 30

to near 40 degrees below its freezing point -j~
; and Mr. Keir’s

vitriolic acid at the ftrength of eafieff freezing continued fluid

at 29
0
, though its heat became 46T when it began to congeal

How low quickfilver may be cooled has not yet been afcer-

tained, but probably many degrees below - 40°.

So many of the above-mentioned fads were obferved in the

year 1783, that I then ventured to remark, that “ inde-

“ pendently of thefe circumftances, neither ftirring, agita-

“ tion, a current* of frefh air on the furface, nor the con-

“ tad of any extraneous body not colder, would [necefla-

“ rily] caufe the water to fhoot into ice, notwithftanding the

“ repeated aflertions of authors to the contrary **.” Similar ex-

periments, made in the courfe of the fucceeding winters, have

confirmed in general the former refults, and furnifhed the

materials of the preceding flieets. I am very fenfible, that the

* Philofophical Tranfa&ions, Vol. LXXVI. p.261.

f Ibid. p. 252.

J Ibid. Vol. LXXVII. p. 2 J 9 *

** Ibid. Vol. LXXIII. p. 358.

Vol. LXXVIII. U lubjed
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fubjeft hill remains involved in great obfeurity ; nor fhould I

have troubled the Society with an account of experiments

which leave fo much uncertainty, had I not thought that they

tended to elucidate a few points, and to correft fome erroneous

opinions. 1 hope that perfons inhabiting a climate more ad-

vantageous for the purpofe, will be induced to undertake fuch

experiments in another, and probably a more fuccefsful way, by

expofure to natural cold.
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XI. Experiments and Obfervations relating to the "Principle of
Acidity, the Compofition of Water

, and Phlogijlon . By
Jofeph Prieftley, LL.D. F. R. S.

Read February 7, 1788.

THAT water confifts of two kinds of air, dephlogifti-

cated and inflammable, is now, I believe, generally

admitted as one of the moft important, and beft afcertained,

dodhines in chemiftry. My own experiments having feemed

to favour it, I made no difficulty of receiving it myfelf : but

having, at the time of the publication of the laft Volume of

my Experiments, found that, in decompofing the two kinds

of air above mentioned by the eledtric fpark, I got much lefs

water than I expedted, and, inftead of it, a dark-coloured va-

pour, not eafily condenfed, I could not help concluding that

fomething yet remained to be invefliigated with refpect to this

fubjedt, and determined, at a proper opportunity, to refume

my inquiries into it.

At that time, however, I had no fufpicion of any acid

being produced in the procefs ; having never been able to find

any in the water which I had hitherto procured in pretty large

quantities from the decompofition of thofe two kinds of air,

though the dodtrine of dephlogifticated air being, or contain-

ing, the principle of univerjal acidity, had been advanced by

M. Lavoisier, and admitted by myfelf and others.

Sufpedting that much of the water which had been procured

U 2 in
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in the above-mentioned procefs was no proper condituent part

of the air, but only fuch as had been diffufed through it, and

in home manner attached to it, and kept fu (pended in it, and

therefore might be fcparated from it, without decompofing the

air; 011 refuming thefe experiments, I ufed every precaution I

could think of to detach all water from the air on which I

operated. I11 order to this, I kept it confined by mercury,

together with a quantity of fixed ammoniac
,
which imbibes

water more readily, if not in greater quantity, than quick-

lime, or any other known fubdance.

In this more accurate method of making the experiment, I

was gradually led to difeover the acid, which had efcaped my
obfervation before. But I am not certain that I fhould have

found it even now, if I had not been aided by the fagacity of

Mr. Keir, who was always of opinion, that fome acid mufi

be the produce of this experiment, or rather that the produce

would be fomething which would become acid by expofure to

the open air.

I began with making the explofions in the fame glafs veffel

from which the mixture of air had difplaced the mercury with

which it had been filled ; when I found, as I have obferved in

my lad publication, the whole of the veffel was filled with a

denfe fmoke, which fettled into a black coating of all the

in fide of the veflel, and which appeared, as before, to be mer-

cury ; becoming white by expofure to the air. For fome time

I perceived no appearance of water

:

but placing the vefiel at a

proper didance from a fire, I found about a quarter of a grain

colle&ed on the oppofite fide ; when, as the veffel contained

four ounce meafures of air, the water produced ought to have

been at lead a grain.

The
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The mercury being an impediment in this procefs, 1 afterwards

confined the mixture of air in one vefle! (with mercury and fixed

ammoniac as before) but I made the explofions in another, which

1 had previoufly exhaufted of air. This veflel was larger than

that which I had uied before, containing fomething more than

eight ounce meafures; fo that the air it contained, being one-

third dephlogifticated and two-thirds inflammable, would have

weighed about two grains. After one explofion the quantity of

water collected appearing inconfiderable, I repeated the procefs

in the fame vefl'el, and then collecting the water, I found it

not to exceed a grain and an half.

I repeated this experiment very often, and conflantly found

fome water, but it always fell far fhort of the weight of the

air decompofed. There muff, therefore, have been fomething

not very fluid adhering to the lides of the veflel, which could

not be diflodged by a moderate heat ; and indeed the glafs did

not recover the perfeCt clearnefs that it had before the procefs.

I always obferved, that, prefently after every explofion, the

veflel was filled with a denfe vapour, fo that it was fometimes

impoflible to fee through it; and before I admitted the exter-

nal air, I could pour it from one end of the veflel to the other,

and it feemed to fall almofl: as faff as a feather in a common

vacuum, and in general it did not difappear in lefs than ten

minutes. I even found this denfe vapour when the mixture of

air had been confined by water. The fmell of the veflel,

after the procefs, was that of the moft ottenfive kind of in-

flammable air from iron.

From thefe experiments it was fufficiently evident, that

fomething more than water had been produced ; and pouring

into the veflel a quantity of the juice of litmus, it was iu-

ftantly turned to a deep red ; fo that it was equally evident,

that
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that an acid had been formed. In all the preceding experi-

ments the dephlogifticated air had been procured from raan-

ganefe ; and in all the experiments mentioned in this Paper,

the inflammable air was from iron by water only.

A great number of ftrong glafs veflfels having been broken

in thefe experiments, and fometimes with fome hazard to my-

felf, and the quantity of air that I was able to decompofe in them

being frnall, I next procured a copper veffel, which contained

about thirty-fix ounce meafures of air ; and having now no

other objecl than difeovering the kind of acid that I had pro-

cured, 1 made repeated experiments in it ; and after every ten

or twelve explolions collected all the liquid matter I could

find ; which, as the air had been previoufly confined by water,

was pretty confiderable, about equal to the weight of the air.

The liquor that I procured in this manner was always of a

deep blue or green, being evidently a folution of copper. But it

alfo contained a redundant acid, as appeared by its turning the

juice of litmus red. Befides this blue liquor, there was

always a quantity of fecmingly abraded copper ; for it was

perfe&ly and quickly diflolved by volatile alkali, as copper

very minutely divided would have been.

* In thefe experiments I ufed, at different times, dephlogifti-

cated air from manganefe, from red precipitate, and from red

lead, as the mod unexceptionable of all ; and as it was obli-

gingly furnifhed me by Mr. Keir, the preparation of it may
be depended upon. There did not, however, appear to be any

other difference in the liquors produced by means of thefe kinds

of dephlogifficated air, except in the fhade of the colour ; that

from manganefe being of the deepefl blue, and that from red

lead the lighted:
; and tiiis difference might be accidental.

By
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By the afliitance of Mr. Keir I examined thefe folutions of

copper, and prefently found, by means of a folution of terra

ponderofa in fpiritof fait, that it was not, in any of the cafes,

the vitriolic ; and yet, as the dry fubiLance left by the evapo-

ration of the liquor did not deliquefce, I had concluded, that

the acid was neither the nitrous, nor the marine ; but Mr.
Keir informs me, that this is the cafe with a fully fatu rated

folution of copper in fpirit of nitre.

Alfo Dr. Withering, who was fo obliging as to examine

fome of thefe liquors for me (for, not being much accuilomed

to thefe analyfes, I had requeiled him to undertake it) had pro-

cured from that in the production of which the red lead had

been ufed, cryilals of nitre, and other indifputable indications

of nitrous acid ; fo that I was fatisfed that it was this acid that

was produced in all the cafes.

I had a farther proof of the acid being the nitrous, that

having (in order to get a quantity of liquor that fhould be as

little faturated with any metal as poiiible) ufedaveilel of tinned

iron , I found, that after fome time, when the tin had been

much corroded (and with every procefs a confiderable quan-

tity came away) the liquor, which at firil was colourlefs, was

tinged with red. In theie experiments I made ufe of dephlo-

giilicated air from red lead.

As both the kinds of air made ufe of in thefe experiments

were exceedingly pure, it feems evident, that phlogiilicated

air does not contain all the elements of nitrous acid ; but only

fupplies a bafe for it, the dephlogiilicatsd air (which was ufed

in a greater proportion in the valuable experiment of Mr. Ca-

vendish) fupplying the acidifying principle, as I had con-

jectured in the lail Volume of my § xPeriments, p'. 404. Be-

sides, though all phlogiilicated air could not be excluded in thofe

2 experi-
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experiments in which the air-pump was ufed, this objection

cannot well be made to thofe in which that instrument was

not' ufed
; and in them the (lowly condenfable vapour above

mentioned feems to be an evident fymptom that the produce

was not mere water. But it is a fatisfactory anfwer to this

objection, from the prefence of phlogifticated air in the tube,

that this kind of air is not decompofed, or at all affeCted, by

this procefs, as will be found by mixing any quantity of it

with the two other kinds of air.

That a conliderable quantity of water enters into the com-

pofition of dephlogiflicated air, will not be thought impro-

bable, when it is confid'ered that, in my former experiments,

this appeared to be the cafe with refpeCt to inflammable air. For

without water this air cannot be procured. I can alfo now fay,

that the fame is the cafe with refpeCl to fixed air . It is not

therefore improbable, that the (lime may be true of every

other kind of air, (nice water is ufed in the production of

them all.

Terra ponderofa aerata (a fubflance of which Dr. Withering
has given us an excellent analyfis) gives no fixed air by mere heat.

But I find, that when fleam is fent over it, in a red heat, in

an earthen tube, fixed air is produced with the greateft rapi-

dity, and in the fame quantity as when it is diflolved in fpirit

of fait : and, making the experiment with the greateft care, I

find, that fixed air confifts of about half its weight of water.

From two ounces of the terra ponderofa I got, by means of

fleam, 190 ounce meafures of fixed air, fo pure that at firfl

150 ounce meafures of it w’ere reduced by agitation in water to

3I, and of the laft produce, 30 ounce meafures were reduced

to one. Examining the refiduum of the firfl portion by means

of nitrous air, I found it to be of the flandard of 1.5.

After
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After this, attending to the water expended in the procefs, I

found that 1 procured 330 ounce meafures of fixed air with

the lofs of 160 grains of water. According to this, as the

air weighed 294. grains, the water in the fixed air mud have

been 80 parts of 147 of the whole.

In another experiment, having previoufly found that three

ounces of the terra ponderofa yielded about 250 ounce meafures

of fixed air, 1 attended only to the lofs of water in procuring

it, and I found it to be about one-fifth of an ounce, in two fuc-

cefiive trials. The quantity of fixed air would weigh 225

grains, and the water expended about 100 grains j fo that, in

this experiment alfo, the fixed air mu ft have contained about

one-half of its weight of water.

That water enters into the compofition of fixed air, and

adds confiderably to its weight, is farther probable from the

folution of terra ponderofa in fpirit of fait. Becaufe when the

folution is evaporated to drynefs, and the refiduum expofed to

a red heat, the weight of the air, and of this refiduum, ex-

ceeds that of the fubftance from which it was procured ; and it

is probable, that a red heat would expel any marine acid ad-

hering to it.

Forty-eight grains of terra ponderofa diflolved in fpirit of

fait, and then evaporated to drynefs, and expofed to a red

heat, loft four grains, and yielded eight ounce meafures of

fixed air, which would weigh 7.2 grains; confequently, three-

fevenths of the weight of the air was fomething that had

been gained in the procefs, and therefore probably water.

The near coincidence of the refults of thefe different expe-

riments is remarkable, and makes it almoft certain, that no

marine acid is retained in the terra ponderofa that has been dif-

folved in it, after expofure to a red heat ; that the generation

Vol. LXXVIII. X of
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of the fixed air carries off part of the water in the men-

ftruum ; and that this part of the weight is about one-half of

the whole.

I muff obferve, that the fuppofition of water entering into

the conftitution of all the kinds of air, and being, as it were,

their proper bajis
, that without which no aeriform fubftance

can fubfift (which the preceding experiments render in a high

degree probable) makes it unneceflary to fuppofe, as myfelf as

well as others have done, that water confifts of dephlogifti-

cated air and inflammable air, or that it has ever been either

compofed or decompofed in any of our procefles.

That water is decompofed when inflammable air is procured

from iron by fleam, is not probable ; flnce the inflammable prin-

ciple may very well be fuppofed to come from the iron, and the

addition of weight acquired by the iron may be afcribed to the

water which has difplaced it. Alfo when the fcale of iron ,

or finery cinder
, is heated in inflammable air, it gives out what

it had gained, viz. the water.

The molt plaufible objection to this hypothefis is, that iron

gains the fame addition of weight, and becomes the fame

thing, whether it be heated in contact with fleam, or fur-

rounded by dephlogifticated air. But from the preceding expe-

riments it appears, that by far the greateft part of the weight

of dephlogifticated air is water ; and the fmall quantity of

acid that is in it may well be fuppofed to be employed in

forming the fixed air
y
which is always found in this procefs :

for that there is one common' principle of acidity, and that all

the acids are convertible into one another (at leaft the nitrous

acid into fixed air) is by no means an improbable fuppofition,

though we are not yet in pofleflion of any procefs by which it

may be done. It is pretty evident that, in this refpedt, nature

a&ually does what we are not able to do.

2 111
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111 my laft Volume of Experiments, I recited the particu-

lars of one, the refult of which feemed to be diflimilar to this

with the fcales of iron and inflammable air ; for heating redpre*

cipitate in inflammable air, I then found little or no water;

but having uled more precautions, I have fince found it in fuf-

ficient quantity in this procefs, even though the inflammable

air was previoufly well dried with fixed ammoniac. In this

experiment I difcontinued the procefs after three ounce meafures

of air were abforbed, leaving room in the veflel, that the moif-

ture might be more eafily collected. With this precaution,

and warming the veflel, I collected between an half and three-

fourths of a grain of water.

This experiment may be thought to be unfavourable to my
prefent hypothefis, as all water was carefully excluded, and yet

a fufficient quantity was found in the procefs. But befides

taking into the account the water that is neceflary to conftitute

the inflammable air, why may not red precipitate, in its dryefl

ftate, be fuppofed to contain water, as well as the fcales of

iron, which will bear any degree of heat without parting

with it. Red precipitate is made by a liquid procefs, and there-

fore the water, that may enter into its compofition as a calx,

may quit it when it becomes a metal.

I fliall take the liberty to obferve farther, that the do&rine

of the decompofition of water being fet alide, that of phlogijlon

(which, in confequence of the late experiments on water, has

been almoft utiiverfally abandoned) will much better ftand its

ground, as all the newly difcovered fadts are more eafily ex-

plained by the help of it.

If water be not decompofed, both metals and fulphur do

certainly yield inflammable air, when fleam is made to pafs

over them in a red heat. They cannot, therefore, befimpli J'ub -

X 2 (lances,V *
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fauces ,
as the antiphlogiflic theory makes them to be. Alfo,

the fame thing that they have parted with, viz. inflammable air

(or rather fomething that is left of inflammable air when the

water is taken from it, and which may as well be called phlo-

gifton as any thing elle) may be transferred to other fubffances,

and thus contribute to form any of the metals, lulphur, phof-

phorus, or any thing elfe that has been deemed to contain phlo-

giffon. This phlogiflon alfo, no doubt, having weight, it

perfedlly correfponds to the definition of a fubjlance ,
having

certain affinities, by means of which it is transferred from

one body to another, as much as the different acids.

If there be no fuch thing as one principle of phlogiflon,

transferable from one fubflance to another, it muff be admitted,

that inflammable air from fulphur is real fulphur and water,

that from iron, iron and water, as well as that very different

fubflance, the fcale of iron. And fince copper, or any other

metal, may be made of inflammable air from iron, &c. all the

metals will be, in fadl, convertible into one another. At

leaf!:, it may be faid, that all the component parts of any one

metal may be fo incorporated with any other, that no teft Can

dete£l it. Alfo iron, made of inflammable air from fulphur,

ought, upon this hypothefis, to have the properties o£Julphurated

iron
, which undoubtedly it would not have. An hypothefis

loaded with thefe difficulties muff: be inadmiffible
; whereas

that of phlogiflon is extremely fimple, and, as far as appears, of

univerfal application.

The difcovery that the greateff part of the weight of in-

flammable air, as well as of other kinds of air, is water, does

not make the ufe of the term phlogiflon lefs proper : for it

may be Hill given to that principle
, or thing, which, when'

added to water, makes it to be inflammable air ; as the term

5 oxygenous.
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oxygenous principle may be given to that thing which, when it

is incorporated with water, makes dephlogifticated air.

As there is fomething in dephlogifticated air that feems to

be the principle of univerfal acidity
,

fo I am hill inclined to

think, as I obferved in my laft Volume of Experiments, that

phlogifton is the principle of alkalinity
, if fuch a term may be

ufed ; efpecially as alkaline air may be converted into inflam-

mable air.

I11 the courfe of experiments recited in this Paper, I difco-

vered more completely than before the fource of my former

miftake, in fuppofing that fixed air was a neccflary part of the

produce of red lead, and alfo of manganefe. Both thefe fub-

lfances, I And, give of themfelves only dephlogifticated air,

and that of the pureft kind ; and all the fixed air they yielded

in my former experiments mud have come from the gun-

barrel I then made ufe of, which would yield inflammable air,

which, with dephlogifticated air, forms fixed air. For though

the dephlogifticated air from red lead was fo pure that, mixed

with two meafures of nitrous air, the three meafures were

reduced to five hundredth parts of a meafure, and the fub-

ftance gave no fixed air at all when it was heated in an earthen

tube or retort
;
yet by mixing iron filings with it, or with mail'

ganefe, as I had formerly done with red precipitate, I got more

or lefs fixed air at pleafure, and fometimes no dephlogifticatecL

air at all.
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XII. Some Obfervations on the Irritability of Vegetables.

By James Edward Smith, M. D. F. R. S.

Read February 14, 1788.

HAVING often heard that the ffarnina of the Barberry,

Berberis communis, were endued with a confiderable de-

gree of irritability, I made the experiment in Chelfea Garden,
*

May 25, 17S6, on a bufh then in full flower. It was about

one o’clock P. M. the day bright and warm, with little wind.

The Ramin a of fuch of the flowers as were open were bent

backwards to each petal, and fheltered themfelves under their

concave tips. No Ihaking of the branch appeared to have any

effect upon them. With a very fmall bit of flick I gently

touched the infide of one of the filaments, which inftantly

fprung from the petal with confiderable force, flriking its an-

thera againfl the fligma. I repeated the experiment a great

number of times ; in each flower touching one filament after

another, till the tips of all fix were brought together in the

center over the fligma.

I took home with me three branches laden with flowers,

and placed them in a jar of water, and in the evening tried the

experiment on fome of thefe flowers, then {landing in my
room, with the fame fuccefs.

In order to difcover in what particular part of the filaments

this irritability refided, I cut off one of the petals with a very

fine
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fine pair of fciflfars, fo carefully as not to touch the flamen

which hood next it : then, with an extremely (lender piece of

quill, I touched the outfide of the filament which had been

next the petal, ftroaking it from top to bottom ; but it re-

mained perfedtly immoveable. With the fame inhrument I

then touched the back of the anthera, then its top, its edges,

and at laft its infide ; hill without any effedl. But the quill

being carried from the anthera down the infide of the fila-

ment, it no fooner touched that part than the hamen lprung

forwards with great vigour to the higma. This was often re-

peated with a blunt needle, a fine brihle, a feather, and feveral

other things, which could not poflibly injure the ffrudture of

the part, and always with the fame effedl.

To fome of the antherae 1 applied a pair of feiflars, fo as to

bend their refpedtive filaments with fufficient force to make

them touch the ftigma ; but this did not produce the proper

'contradlion of the filament. The incurvation remained only

fo long as the inftrument was applied ; on its being removed,

the flamen returned to the petal by its natural elaflicity. But

on the fciffars being applied to the irritable part, the anthera

immediately flew to the fligma, and remained there. A very

fudden and fmart fhock given to any part of a flamen would,

however, fometimes have the fame effedl as touching the irri-

table part.

Hence it was evident, that the motion above deferibed was

owing to an high degree of irritability in the fide ot each fila-

ment next the germen, by which, when touched, it con-

tracts, that fide becomes fhorter than the other, and confe-

quently the filament is bent towards the germen. I could not

difeover any thing particular in the ftrudture of that or any

other part of the filament.

This
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This irritability is perceptible in (lamina of all ages, and

not merely in thofe which are juft about difcharging their pol-

len. In feme flowers which were only fo far expanded that

they would barely admit a bridle, and whole anther® were

not near burfting, the filaments appeared almoft as irritable as

in flowers fully opened ; and in feveral old flowers, fome of

whofe petals with the ftamina adhering to them were falling

oft, the remaining filaments, and even thofe which were al-

ready fallen to the ground, proved full as irritable as any I had

examined.

From fome flowers I carefully removed the germen, with-

out touching the filaments, and then applied a briftle to one

of them, which immediately contracted, and the ftigma being

out of its way, it was bent quite over to the oppofite fide of

the flower.

Obferving the ftamina in fome flowers which had been irri-

tated returning to their original fituations in the hollows of

•the petals, I found the fame thing happened to all of them

iooner or later. I then touched fome filaments which had

perfectly refumed their former filiations, and found them

contract with as much facility as before. This was repeated

three or four times on the fame filament. I attempted to fti-

mulate in the midft of their progrefs fome which were return-

ing, but not always with fuccefs ; a fewT of them only were

flightly affeCted by the touch.

The purpofe which this curious contrivance of nature an-

fwers in the private oeconomy of the plant, feems not hard to

be difeovered. When the ftamina ftand in their original pofi-

tion, their antherae are effectually fheltered from rain by the

concavity of the petals. Thus probably they remain till fome

infeCt coming to extraCt honey from the bafe of the flower,

thrufts
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thrufls itfelf between their filaments, and almoft unavoidably

touches them in the moft irritable part : thus the impregnation

of the germen is performed ; and as it is chiefly in fine funny

weather that infeds are on the wing, the pollen is alfo in fiucli

weather moft fit for the purpofe of impregnation. It would

be worth while to place a branch of the Barberry flower in

fuch a fituation, as that no infed, or other irritating caufe,

could have accels to it ; to watch whether in that cafe the an-

therie would ever approach the (ligma, and whether the feeds

would be prolific.

I have been the more particular in thefe o'bfervations upon

the Barberry, becaufe although feveral authors mention the

irritability of its {lamina, none, that I can find, have related

ill what part of the (lamina this property refides, or the pur-

pofe it ferves ; at lead they have not purfued their inquiries

with any great degree of accuracy, but feem moflly to have

copied one another. Gmelin, who has written a diflertation

expreflly on the irritability of vegetables, has fcarcely any

thing new on the fubjed ; the chief part of his work is a cata-

logue of plants which he found not to be irritable.

The Barberry is not the only plant which exhibits this phe-

nomenon. The (lamina of Callus Tuna y a kind of Indian Fig,

are likewife very irritable. Thefe (lamina are long and (len-

der, (landing in great numbers round the infide of the flower.

If a quill or feather be drawn through them, they begin in the

fpace of two or three feconds to lie down gently on one fide,

and in a fhort time they are all recumbent at the bottom of the

flower. The motions in Diana?a mujcipula, Mimofa J'enfitiva

and pudica
,

are too well known to be mentioned here. A fimi-

lar phenomenon has been obferved, where indeed an obvious

botanical analogy would lead one to exped it, in the Drofera.

Vol. LXXVIJI. Y See
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See Dr. Withering’s Botanical Arrangement of Britifh

Plants. All thefe movements are, I think, certainly to be

attributed to irritability. We mull: be careful not to confound

them with other movements, which, however wonderful at

fir ft fight, are to be explained merely on mechanical principles.

The ftamina of the Parietaria
, for inftance, are held in luch

a conftrained curved pofition by the leaves of the calyx, that

as foon as the latter become fully expanded, or are by any

means removed, the ftamina, being very elaftic, fly up, and

throw their pollen about with great force. I have lately ob-

ferved a flmilar circumftance in the flowers of Medicago fal-

cata. In this plant the organs of generation are held in a

ftraight pofition by the carina of the flower, notwithftanding the

ftrong tendency of the infant germen to affume its proper fal-

cated form. At length, when the germen becomes ftronger,

and the carina more open, it obtains its liberty by a fudden

lpring, in confequence of which the pollen is plentifully fcat-

tered about the ftigma. The germen may at pleafure be fet at

liberty by nipping the flower fo as gently to open the carina,

and the lame effeft will be produced.

As the foregoing experiments fhew vegetables to poflefs irri-

tability in common with animals, fo there are plants which

feem to be endued with a kind of fpontaneous motion. Lin-

naeus having obferved that the Rue moves one of its ftamina

every day to the piftillum, I examined the Ruta chalepenjis,

which differs very little from the common Rue, and found

many of the ftamina in the pofition which he defcrlbes, hold-

ing their antherae over the ftigma ; while thofe which had not

yet come to the ftigma were lying back upon the petals, as well

as thofe which, having already performed their office, had re-

turned to their original fituation. Trying with a quill to

* ' ftimulate
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ftimulate the (lamina, I found them all quite devoid of irrita-

bility. They are (lout, (Irong, conical bodies, and cannot,

without breaking, be forced out of the portion in which they

happen to be. The fame phaenomenon has been obferved in

feveral other flowers ; but it is no where more (Iriking or more

eafily examined than in the Rue.

I could wifh to find an in (lance of this fpontaneous motion

combined with irritability in one and the fame plant ; but, I

confefs, I do not know one. From analogy I (hould think it

not impoflible that the Dioneea mufcipula , and perhaps the

Droferee, may have the fame motion in their (lamina as the

Ruta
, Parnajfia

,
and Saxifraga , while their leaves poflefs irri-

tability. But if this be the cafe, the feats of thefe two pro-

perties, being fo different and remote from each other, (hould

feem to have as little connexion as if in two different plants.

There (fill remains then this difference between animals and

vegetables, that although fome of the latter poflefs irritability,

and others fpontaneous motion, even in a fuperior degree to

many of the former, yet thofe properties have hitherto in ani-

mals only been found combined in one and the fame part.

Even Sertulariee are not an exception to this obfervation. The

greater part of their fubftance, indeed, refembles that of plants

in being indefinitely extended, and in wanting irritability and

fpontaneous motion. But their animated flowers or polypes,

in which the eflence of their being refides, are endued with

both thefe properties in an high degree.

I know it is the opinion of iome philofophers that a certain

degree of irritability mud pervade every part of vegetables, as

the propulfion of their fluids cannot well be conceived to be

accomplifhed by any other means. In a converfation on this

fubjed with the celebrated M. Bonnet, of Geneva, he

Y 2 informed
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informed me, that he is ftrongly of this opinion ; and that he

fhould not defpair, by throwing acid or other Simulating in-

jections into the veffels of fome plants, of feeing with a mi-

crofcope at once the propulfion of the fap, and the contractions

by which it is performed. He urged me, with that amiable

enthuliafm for which he is remarkable, to purfue the inquiry.

Whether I do fo or not, I think the idea too interefting to be

kept to myfelf, and fhould be glad to fee it realized by any

one who has time and abilities for fuch inveftigations, who has

accuracy and coolnefs in making his experiments, as well as

fidelity and impartiality in recording them.

I cannot conclude this Paper without taking notice of ano-

ther very curious property which vegetables feem to poflefs in

common with animals, although certainly in a very inferior

degree : I mean, that property, to ufe the words of Mr. Hun-
ter, who has ftudied this principle to a vaft extent in the ani-

mal ceconomy, by which their conSitution is capable only of a

certain degree of aCtion confidently with health ; when that

degree is exceeded, difeafe or death is the confequence. It is

only by the help of this principle that I can explain why many
plants refiS a great degree of cold for feveral winters before

flowering ; but, after that critical event, they perifh at the firft

approach of cold, and can by no art be preferved fo as to fur-

vive the winter. But a more curious inftance is that mentioned

by Linnaeus, without an explanation, in his Diflertation on

the Sexes of Plants, of the long duration of the piftilla in the

female hemp, while unexpofed to the male pollen; whereas

thofe to which the pollen had accefs immediately faded and

withered away. In this cafe, 1 cannot help thinking, that

in thofe piftilla on which the pollen had adled, and which con-

fequently had performed the function for which they were

4 defignedj
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deligned, the vital principle was much fooner exhausted than in

thole which had known no fuch Itimulus. It is, perhaps, for

the lame reafon that double flowers, in which, the organs of

generation being obliterated, no impregnation can take place,

laft much longer in perfection than fingle ones of the fame

fpecies, as is notorioufly the cafe with Poppies, Anemonies,

6cc. In fingle Poppies the corolla falls off in a few hours ; but

in double ones it lalts feveral days ; and this may polhbly,

combined with other obfervations, lead to a difcovery of the

real ufe of the corolla of plants, and the fhare it has in the

impregnation, about which there has yet been no probable

conjedure.
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XIII. An Account of Experiments made by Mr, John Mc Nab,

at Albany Fort, Hudfon’s Bay, relative to the Freezing of

Nitrous and Vitriolic Acids, By Henry Cavendifh, Efj,

F. R. S. and A, S,

Read February 28, 1788.

FROM the experiments made by Mr. M c Nab, of which

I gave an account in the LXXVIth Volume of the

Philofophical Tranfa&ions, p. 241. it appeared, that fpirit of

nitre was fubjedf, not only to what I call the aqueous conge-

lation, namely, that in which it is chiefly, and perhaps in-

tirely, the watery part which freezes, but alfo to another

kind, in which the acid itfelf freezes, and which I call the

fpirituous congelation. When its ftrength is fuch as not to

diflblve fo much as weight of marble, or when its

ftrength is lefs than ,243, as I call it for fhortnefs, it is liable

to the aqueous congelation folely ; and it is only in greater

ftrengths that the fpirituous congelation can take place. This

feems to be performed with the leaft degree of cold when the

ftrength is ,411, in which cafe the freezing point is at — i°f #

When the acid is either ftronger or weaker, it requires a

greater degree of cold ; and in both cafes the frozen part feems

to approach nearer to the ftrength of ,411 than the unfrozen

part. The freezing points, anfwering to different degrees of

ftrength, feemed to be as follows.

Strength.
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Strength. Freezing point.

0

>54 -3 1 * 1
,411 — if l f

.38 -45* J

.243 ~44i )a
,21 -17 J

As fome of thefe properties, however, were deduced from

reafoning not fufficiently eafy to flrike the generality of readers

with much conviction, Mr. Mc Nab was defired to try fome

more experiments to afcertain the truth of it ; which he was fo

good as to undertake, and has executed them with the fame

care and accuracy as the former.

For this purpofe, I fent him fome bottles of fpirit of nitre

of different ftrengths, and he was defired to expofe each of

thefe liquors to the cold till they froze ; then to try their tem-

perature by a thermometer; afterwards to keep them in a

warm room till the ice was almofl melted, and then again ex-

pofe them to the cold, and, when a confiderable part of the acid

had frozen, to try the temperature a fecond time ; then to

decant the unfrozen part into another bottle, and fend both

parts back to England, that their ftrength might be examined.

The intent of this fecond expofure to the cold was as fol-

lows. Spirit of nitre bears, like other liquors, to be cooled

greatly below its freezing point without freezing : then the

congelation begins fuddenly ; the liquor is filled with fine

fpicula of frozen matter, and the ice becomes fo loofe and

porous, that, if the procefs be continued long enough for a

confiderable portion of the acid to congeal, fcarce any of the

fluid part can be decanted : whereas, if it be heated in this

flate till the frozen part is almofl, but not intirely* melted,

and
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and be again expofed to the cold, as the liquor is then in con-

tact with the congealed matter, it begins to freeze as foon as it

arrives at the freezing point, and the ice becomes much more

folid and compact.

The intent of decanting the fluid part, and fending both

parts back, that their flrength might be determined, was

partly to examine the truth of the fuppofltion laid down in my
former Paper, that the flrength of the frozen part approaches

nearer to ,411 than that of the unfrozen; but it is alfo a ne-

ceflary Aep towards determining the freezing point anfwering

to a given flrength of the acid ; for as the frozen part is com-

monly of a different flrength from the unfrozen, the flrength

of the fluid part, and the cold neceflary to make it freeze, is

continually altering during the progrefs of the congelation.

In confequence of this, the temperature of the liquor is not

that with which the frozen part congealed ; but it is that ne-

ceflary to make the remainder, or the fluid part, begin to

freeze, or, in other words, it is the freezing point of the fluid

part. This is the reafon that a thermometer, placed in fpirit

of nitre, continually finks during the progrefs of congelation

;

which is contrary to what is obferved in pure water, and other

fluids in which no feparation of parts is produced by freezing.

Moreover, from the above-mentioned experiments of Mr.

Mc Nab it appeared, that oil of vitriol, as well as fpirit of

nitre, is fubjedl to the fpirituous congelation ; but it feemed

uncertain, whether, like the latter, it had any point of eafieft

freezing, or whether it did not uniformly freeze with lefs cold

as the flrength increafed. For this reafon, fome bottles of oil

of vitriol, of different ftrengths, were fent, which he was

defired to try in the fame manner as the former. This point,

indeed, has fince been determined by Mr. Keir, who has

fhewn
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ilievvn that oil of vitriol has a ftrength of eafieft freezing;

and that at that point a remarkably flight degree of cold is

fufficient for its congelation.

The refult of Mr. M c Nab’s experiments on the nitrous acid

is given ill the following table.

N°

Decanted part. Undecanted part. Strength

of the

whole

mafs.

Strength

before

fent.

Freezing

point by

firft

method.

Freezing

point by

fecond

method.Quantity. jStrength. Quantity. Strength.

6 ,561 -41,6 — —

7 1410 >445 2137 >435 ,439 >437 + *J ,7 - 3 >
8

8 1658 >390 194O ,422 ,407 ,408 - 3>5 - 4
9 1368 >353 2438 »4l6 >393 > 39 * - 4,5 — 1

1

10 2206 >343 1920 >373 >357 >357 -12,5 -i 3 >
8

1

1

3620 > 3
ro 602

> 3 Sl ,320 > 3 2° -22,5 -23
12 2!55 ,276 1494 >293 ,283 ,280 “

39>i - 4°>3
*3 1618 ,241 1961 >235 ,238 >238 “34 -32

The firft column contains the numbers by which Mr.

Mc Nab has diftinguifhed the different bottles. The fecond

and third columns contain the quantity and ftrength of the

decanted part of the liquor ; and the fourth and fifth fhevv the

quantity and ftrength of the undecanted part of the liquor.

The fixth column gives the ftrength of both parts put toge-

ther, or the ftrength of the whole mafs ; and the feventh is

the ftrength of the fame acid, as it was determined before it

was fent to Hudfon’s Bay. The ftrengths of the decanted and

undecanted parts were found by faturating the liquor returned

home with marble ; and that of the whole mafs was inferred

by computation from the quantity and ftrength of the de-

canted and undecanted parts ; and as the ftrength thus in-

ferred never differs from that determined before the liquors

were fent to Hudfon’s Bay by more than TI._ part of the

Vol. LXXVII 1 . Z whole.
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whole, it is not likely that the ftrengths of the decanted and

undecanted parts here fet down fhould differ from the truth by

much more than that quantity.

The eighth column contains the freezing points found in*

the fir ft method, or the temperature of the liquors after the

huffy congelation which took place on expofing them to the

cold without any frozen matter in them ; and the ninth con-

tains their temperature after the more gradual congelation

which took place when they were cooled with fome frozen

matter in them ; and as the unfrozen part of the acid was

decanted immediately after the temperature had been obferved,

it follows, that this column lhews the true freezing points of

the decanted liquors. In like manner the eighth column fhews

the freezing points of that part of the liquor which re-

mained fluid in the ffrft maimer of trying the experiment

;

but as the ftrength of this part was not determined, the pre-

cife ftrengths to which thefe freezing points correfpond are

unknown. Thus much, however, is certain, that thefe points

muft be below thofe of the whole mafs, and in all probability

muff be above thofe of the decanted liquor; as there is.great

reafon to think, that the quantity of frozen matter was always

lefs, and confequently the ftrength of the fluid part differed

lefs from that of the whole mafs, in the firft way of trying

the experiment than in the fecond.

Before I draw any conclufions from thefe experiments, it

will be proper to take notice of fome particularities which

occurred in trying them.

N° 6. was made to congeal by a freezing mixture of fnow

and diluted oil of vitriol. By the time the acid was cooled

to — 42 0
,

icy filaments were formed on the infide of the phial

above the acid. Ten minutes after, the acid being cooled one

degree
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degree more, the phial was taken out and agitated. This

mixed the icy filaments with the acid, and made it freeze, which

it feems not to have done before, in confequence of which its

temperature rofe to ~4i°f. After having melted the greateft

part of thefe filaments, and again expofed it to the freezing

mixture, fome fnow accidentally fell into the acid, and made
an uncertainty in the freezing point, for which reafon it is not

let down. But as it is evident, that the quantity of congealed

matter in the firffc experiment was excefiively fmall, the

ftrength of the unfrozen part could not differ fenfibly from

that of the whole mafs, and therefore -41°! is the true

freezing point that anfwers to the ffrength of ,561.

It is remarkable, that N° 8. acquired by congelation a

bluifh colour, not unlike that which the dephlogifticated ni-

trous acid, in Mr. Mc Nab’s former experiments, acquired by

dilution with fnow. It is not faid, how long the acid re-

tained this colour, but it was intirely gone when the phial

arrived in England. I am quite at a lofs to account for this

phenomenon, and why it happened to this bottle only.

N° 1 2. when cooled to -
1 f feemed to contain many icy

particles; but as it afterwards bore to be cooled to -48°,

without their increafing, we may conclude, that they were

not frozen fpirit of nitre, but only fome heterogeneous matter

feparated from it. A little of the congealed part of N° 8.

dropped into it while at this point, made it freeze, and it rofe

to - 39
0
.

In all the foregoing acids the ice was heavier than the fluid

part, and in confequence fubfided to the bottom ; a proof

that it was the fpirituous congelation which had taken, place

in them: but in N J
13. the frozen part fwam at top, which

fhews, that the congelation was of the aqueous kind.

It
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It may appear remarkable to thofe who read Mr. Mc Nab’s

experiments, that thefe acids bore to be heated fo much above

their freezing points before the ice intirely diffolved. N° 6.

bore to be heated 18 degrees, N° 7. 13 degrees, and N° 12.

17 degrees above their freezing points, before all the congealed

acid had difappeared. But as, ill order to diffolve this con-

gealed matter, they were brought into a room in all proba-

bility a great many degrees warmer than the points to which

they were heated, fo that the liquors heated fall; and as during

the difiolution the ice would fublide to the bottom ; it is not

extraordinary, that the fluid part in the phial might be many

degrees warmer than the frozen part, unlefs the phials were

much agitated during the time, which nothing fhews them to

have been ; efpecially if we confider the great quantity of

heat which, in all probability, muft be communicated to the

frozen acid in order to melt it ; and that, perhaps, the frozen

acid may receive and part with its heat but flowly. It mud:

be obferved, that in N° 6. and 12. the frozen part might very

likely be of a conflderably different ftrength, and in confe-

quence its freezing point might be feveral degrees different

from that of the whole mafs, fo that the temperature to

which the fluid was heated, in order to melt the ice, might

very likely not differ fo much from the freezing point of the

ice itfelf as is here fet down. But this could not be the cafe

with N° 7.

It muft be obferved, that when Mr. Mc Nab wanted to try

the temperature of N° 7. after it had frozen in the firft man-
ner, the ftopper ftuck fo tight that he was not able to remove

it without warming it before the fire. The thermometer was

then introduced, and flood feveral minutes therein at+ i°f, or

4- 2
0
. As the thermometer remained fo long at this point, one

4 might
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might naturally fuppofe, that this was the true freezing point

of the unfrozen acid. But yet, from what has been juft faid,

it feems not improbable that it may be otherwife, and that

the true freezing point may be fenfibly lower
;

for which

reafon it is marked in the table with an aiierilk (*) as doubtful.

It was before faid, that the temperatures in the ninth column

of the foregoing table, are the freezing points anfwering to the

ftrengths expreffed in the third column, and that - 41°! is the

freezing point anfwering to the ftrength of ,561 ; whence

the freezing points determined by thefe experiments, and their,

refpedtive ftrengths, are as follows :

Strength. Freezing point.

>561
O

-41,6

?445 - 3> 8

>39° - 4

>353 — 1

1

j343 - »3’8

?3 10 “ 23
,276 -40,3

By interpolation from thefe data
,
according to Newton’s

method f, it appears, that the ftrength at which the acid

freezes with the leaf!: cold is ,418, and that the freezing point

anfwering to that flrength is - 2%*-.

In order to {hew more readily the freezing point anfwering

to any given ftrength, I have computed, by the fame method,

the following table, in which the ftrengths increafe in arith-

metical progreffon.

f Frincip, Math, Lib, III. prop, 40, lem, 5,

Strength,

l
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Strength. Freezing point. Difference.

,568

>53 8

, 5 ° 8

>47 8

,448

,41 8

,38S

>35 8

,3 28

,298

-4 5>5

- 3°f l

- 18,1

- 9>4
- 4,1
- 2,4

- 4,2
j

~ 9>7
“ r 7’7
” 2 7»7

+ >5.4

+ 12

+ 8,7

+ J>3
+ 1,7
- 1,8

- 5.J
- 8

- IO

It was before fhewn, that the freezing points, found by the

firft method, ought to be below thofe of the whole niafs, and

muO:, in all probability, be above thofe of the decanted liquor.

In order to fee how this agrees with obfervation, I computed

in the above-mentioned manner the freezing points anfwering

to the ftrength of the whole mafs, and compared them with

the obferved freezing points. The refult is given in the fol-

lowing table.

N°

Strength

of the

whole

mafs.

.Strength

of the

decanted

liquor.

Computed
freezing

point of

the whole

mafs.

Obferved freezing

point.

In firft

method.

In fecond

method.

7 >439 ,445 - 3’ 2 + i,7 - 3*8
8 .407 >39° - 2,6 - 3,5 - 4,

9 ’393 >353 ~ 3>7 - 4,5 - 11 ,

10 >35 7 >343 - 10 , -12,5 -13, 8

1 r ,320 »3 10 “ I 9»9
- 22,5 “23>

12 ,283 ,276 -35 ’
6 — 39 »

1 -40,3

It
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It may be obferved, that the freezing point of N° 7. tried

in the firft way, is confiderably above that correfponding to the

ftrength of the whole mafs ; but as this experiment was fhewn

(in p. 1 73.) to be doubtful, and not unlikely to exceed the

truth, we may fafely reje£f it as erroneous. All the others,

as might be expedf d, are lower than thofe correfponding to

the ftrength of the whole mafs, and above thofe obferved in

the fecond manner, and therefore ferve to confirm the truth of

the above determination of the freezing points of fpirit of

nitre ; and alfo (hew, that in this acid the point of fpirituous

congelation is pretty regular, and does not depend much, if

at all, on the rapidity with which the congelation is performed.

The point of aqueous congelation, however, feems liable to

confiderable irregularity ; for N° 13. after having been expofed

to the cold, froze on agitation, the congelation, as was before

faid, being of the aqueous kind, and the thermometer flood

flationary therein at — 34
0

. The ice being then almofl melted,

it was again expofed to the cold, till a good deal was frozen ;

but yet its temperature was then no lower than - 32°!,

though the quantity of frozen matter muff certainly have been

much more than in the firft trial. The fluid part being then

decanted, and the frozen part melted, both were again expofed

to the cold. They both were made to congeal by agitation,

and the temperature of the undecanted was then found to be

— 35
0

, and that of the decanted part —37°** fo that it Ihould.

feem as if the freezing point found by the hafty congelation

was always lower than that found the other way, which may,

perhaps, proceed from this caufe ;
namely, that when fufli-

cient time is allowed, the watery part will feparate from the

reft, and freeze in a degree of cold much lefs than what is

2 required..
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required to produce that effeft, when it is performed in a more

rapid manner.

Thefe experiments confirm the truth of the conclufions I

drew from Mr. Mc Nab’s former experiments; for, firft,

there is a certain degree of ftrength at which fpirit of nitre

freezes with a lefs degree of cold than when it is either

ftronger or weaker ; and when fpirit of nitre, of a different

ftrength from that, is made to congeal, the frozen part

approaches nearer to the foregoing degree of ftrength than the

unfrozen. Likewife this ftrength, as well as the freezing

point correfponding thereto, and the freezing point anfwering

to the ftrength of ,54, come out very nearly the fame as I

concluded from thofe experiments ; for by the prefent experi-

ments they come out ,418, — 2%%., and —31°, and by the for-

mer ,411, — i°|, and —31°. But the freezing point anfwering

to the ftrength of ,38 is totally different from what I there

fuppofed. This muft have been owing to the ftrength of that

acid having been very different from what I thought it; which

is not improbable, as its ftrength was inferred only from the

quantity of fnow which was added to it in finding the degree

of cold produced by its mixture with fnow.

After the foregoing experiments were finifhed, Mr. Mc Nab
made fome more for determining the freezing points both of

the decanted and undecanted part ; but for want of a fufficient

explanation of the manner in which they were executed, I

have not been able to make any ufe of them. In their prefent

ftate they fhew much appearance of irregularity ; but this

would very likely have been cleared up, if the circumftances

had been more fully detailed.

On
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On the Vitriolic Acid.

Ail irregularity of a remarkable kind occurred in trying two

of thefe acids ; namely, when the undecanted part was melted

and again made to congeal, its freezing point was found to be

much lefs cold than that of the decanted part, and the dif-

ference was much greater than could be attributed to the

difference of Strength. This feems to have happened only in

the two ftrongeft acids, namely, N° i. and 2. and in great

meafure confirms the fuppofition which I formed from Mr.

Mc Nab’s former experiments, that the congealed part of oil

of vitriol differs from the reft, not merely in ftrength, but

alfo in fome other refpeft, which I am not acquainted with.

It fhould feem, however, that this property does not extend to

weak oil of vitriol.

It perhaps may be fufpedted, that this property takes place

in the nitrous acid alfo, and was the caufe of the flow melting

of the ice taken notice of in p. 172. But I think it more

likely, that that phenomenon proceeded from the caufes there

afligned.

Some fmaller irregularities occurred in trying the vitriolic

acid, the caufe of which I believe was, that when this acid

has been cooled below the freezing point, and begins to freeze,

the congelation proceeds but flowly ; fo that a considerable

tifrie elapfes before it riles to the true freezing point. Something

of the fame kind feems to take place in the nitrous acid alfo,

though in a lefs degree ; for the decanted liquors ufually con-

tinued to freeze and depofit a fmall quantity of ice, for a few mi-

nutes after they were poured off, though their cold, at leaft in

fome inftances, was found rather to dimiuifh during that time.

Vol. LXXVIII. A a
"
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It mud be obferved, that fmall fpicula of ice always came over

along with the decanted liquor ; and to this, in all probability,

the new-formed ice attached itfelf; for otherwife it is likely,

that no ice would have been produced.

The following table contains the (Length of the acids as

determined before they were- fent to Hudfon’s Bay, and the

quantity and {Length of the decanted and undecanted parts

when they arrived at London, and the (Length of the whole

mafs as computed from thence. For the fake of uniformity, I

have exprefi'ed their {Lengths, like thofe of the nitrous acid,

by the quantity of marble necefl'ary to faturate them, though

I did not find their (Length by actually trying how much mar-

ble they would diffolve ; as that method is too uncertain, on

account of the felenite formed in the operation, and which in

good meal ure defends the marble from the a&ion of the acid*

The method I ufed was, to find the weight of the plumbum

vitriolatum formed by the addition cf fugar of lead, and from

thence to compute the flrength, on the fuppofition that a

quantity of oil of vitriol, fufficient to produce ioo parts of

plumbum vitriolatum, will diffolve 33 of marble as I found

by experiment that fo much oil of vitriol would faturate as

much fixed alkali as a quantity of nitrous acid fufficient to dif-

folve 33 of marble. It may be obferved, that the quantity of

alkali, necefiary to faturate a given quantity of acid, can hardly

be determined with much accuracy, for which reafon the fore-

going lefs dire«5l method was adopted ; efpecially as the precipi-

tation of plumbum vitriolatum (hews the proportional {Lengths,

which is the thing principally wanted, with as great accuracy

as any method I know.

N°3
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N°
Strength

before

fent.

Decanted part. Undecanted part. Strength

of whole

mafs.Quantity. Strength. Quantity. Strength.

1 *977 I 37 S >967 3460 ’9^3 >964
2 i9 l8 39 1 5 >919 1876 ,905

,850
> 9 l 4

3 ,846 88 *777 49*5 ,849

4 >758 389 ,71°
f
3795

i 547
*753
,803

*755

The undecanted part of N° 4. was divided into two parts

;

namely, the lefs and the more congealable part ; and it is die

latter whofe quantity and ftrength is given in the la ft line.

It is well known, that oil of vitriol attradls moifture with

great avidity; and fome of thefe acids were much expofed to

the air during the experiments made with them, and may

therefore be fuppofed to have attra&ed fo much moifture from

the air, as might fenfibly diminifli their ftrength ; and this

feems aflually to have been the cafe with fome of them. But

as the bottles were well ftopped, and as, except in one acid

which was the moft expofed to the air, the ftrength of the

whole mafs comes out not much lefs than that determined be-

fore the liquors were fent to Hudfon’s Bay, I imagine their

ftrength could not fenfibly alter during their voyage home

;

and confequently their ftrength, at the time the laft obferva-

tions were made with them, could not differ much from that

here fet down.

It would be tedious to give the experiments for determining

their freezing points in detail ; but the refult is as follows. The

freezing point of N° 1. tried in the firft method, was fomewhat

above -f 1°, but it is uncertain how much ; that tried in the

fecond manner feemed -6°f. But the freezing point of the

undecanted part, after having been intirely melted, and again

A a 2 expofed



iSo Mr, Cavendish’s Account of

expofed to the cold, was +9
0
. It muft be obferved, that

though this part was in all probability at firft ftronger than the

decanted part, yet at the time its freezing point was tried, it

feems to have become rather weaker than that, owing to its

expofure to the air. It was before laid, that the freezing

point tried in the fecond manner is that of the decanted

liquor ; fo that the freezing point of the decanted part feems to

have been 13 or 14 degrees colder than that of the undecanted

part ; though the difference of ftrength, if there was any,

muft in all probability have tended to produce the contrary

effedh

The freezing point of N° 2. tried in the firft way, was — 26°

;

t

and that tried in the fecond was -30°, 01*26°; but yet the

freezing point of the undecanted part was 26 or 30 degrees

higher, namely, at zero ; a difference which could fcarcely

have proceeded from the difference of ftrength.

The freezing point of N° 3. could hardly differ much from

+ 42
0

; and that of N° 4. was about — 45
0
.

It fhould be remarked, that when this laft acid, as well as

Na
1. and 2. were expofed to a great cold, a fediment formed

in them. This muft have been of a very different nature from

frozen acid, as appeared both from its texture, which was foft

and mucilaginous to the feel, inftead of being gritty as the

frozen acid always was

;

and alfo from its being not much in-

creafed by an increafe of cold; and therefore feems to have

been fome impurity feparated from the acid. The quantity

was greateft in N° 4. ; but even in this, though it appeared

great, it is likely that the real quantity was very fmall.

Another bottle of acid, whole ftrength was ,659, was fent

;

but Mr. Mc Nab was not able to make this freeze.

From thcfe experiments it fhould feem, that the freezing

4 point
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i

point of oil of vitriol, anfwering to different flrengths, is

nearly as follows

:

J

Strength. Freezing point.

>977

O

+ I

,918 — 26

,846 + 42

»75s "45

From hence we may conclude, that oil of vitriol has not

only a flrength of eafieft freezing, as Mr. Keir has (hewn;

but that, at a flrength fuperior to this, it has another point of

contrary flexure, beyond which, if the flrength be increafed,

the cold neceffary to freeze it again begins to diminifh.

The flrength anfwering to this latter point of contrary

flexure muft, in all probability, be rather more than ,918, as

the decanted or unfrozen part of N° 2. feemed rather ftronger

than the undecanted part j and for a like reafon the flrength of

eafielf freezing is rather more than ,846.

Mr. Keir found that oil of vitriol froze, with the leaft degree

of cold, when its fpecinc gravity at 6o° of heat was 1,780,

and that the freezing point anfwering to that degree of flrength

was +46°; which agrees pretty nearly with thefe experiments,

as the flrength of oil of vitriol of that fpecihc gravity is ,848,

that is, nearly the fame as that of N° 3.
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APPENDIX.
Tranjlation of Don Michael Rubin de Celis’s Letter to the

Royal Society , relative to a Mafs of native Iron
, found in

South-America. See p. 37.

ABOUT thirty years ago, the various barbarous nations wh»
inhabited the provinces of the great Chaco Gualamba,

expelled the Spaniards from thence ; and fince that time, the

countries on the fouthern part of the river Vermejo, and weftern

of the great river Parana have been almoft totally deferted.

The only employment of the few Indians who dwell within

the jurifdidtion of Santiago del Eftero is to gather the honey

and wax, with which the woods abound. Thefe Indians dis-

covered, in the midit of a wide-extended plain, a large mafs.

of metal, which they called pure iron
;
part of which pro-

jected above the ground about a foot, and almoft the whole of its

upper furface was vilible. Intelligence of this difcovery was

immediately communicated to the Viceroys of Peru. That

fuch a. mafs of iron Ihould be found in a country where

there are no mountains, nor even the fmalleft hone within

a circumference of one hundred leagues, could not fail to

appear extraordinary, notwithstanding we know there are mines

of pure iron in Europe. Some private periods, at the great

rilk of their lives, both from the uncertainty of procuring food

or-
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or even water (of which none is to be found but what rain

happens to be preferved in fome natural cavities of the earth),

from the danger of meeting the roving Indians, from the

various wild beaffs found in t’nofe plains, fuch as tygers,

leopards, tapirs, from the fwarms of poifonous reptiles, and

finally from the endlefs thickets, led on by hopes of enriching

themfelves, boldly undertook the journey, to obtain fome of the

metal. They tranfmitted a part of it to Lima and Madrid,

by which no other advantage was gained than to afcertain it

to he very foft and very pure iron. As it is forbidden by law, for

political reafons, to manufafture iron in that country, though

different parts of it abound with iron mines ; and as it was

afferted, that the vein of iron extended many leagues, the

vifible part being only its creft projeffing above the ground,

which, when dug round, was found to meafure three yards

from N. to S. two yards and a half from E. to W. and about

one-third of a yard in thicknefs ; the Viceroy of the river

Plata fent me with orders to examine this difcovery with

accuracy; and, in cafe I found it a beneficial mine, that l

lhould eftablifh a colony there. I accordingly fet off, well

efcorted, in the beginning of February, 1783, from Rio

Salado, an ancient civilized hamlet of the Indians whom we

call Vilelas, and purfued my journey in the direftion E. | N.E.

though, upon further examination, I found that I ought to

have taken my direction S E. both corrected.

The afpeft of the country between the river and the mine,

diftant feventy leagues from the fettlement, is curious : it

confifts of an immenfe plain, alternately intermixed with

thick woods and fertile fields, forming mod pleafing land-

fcapes.

The

i
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The latitude of the mine I found, by obfervation, to be t

2

7

0 28' S.

There is not one fixed place of habitation throughout the

whole country, owing to a fcarcity of running water. That
which is drunk by the honey-gatherers, who refide there in

fmall bodies the greateft part of the year, collecting honey in

the woods, is rain water, as I have already obferved. Thefe,

and a few roving tribes of barbarous Indians, who referable

the Tartars in their way of life, and come hither, at a certain

feafon of the year, from the borders of the river Vermejo, in queft

of a wild root, which they call Koruu, and which they conftantly

chew, as a remedy againft the peftilential air of their native

country, and alfo as a prefervative againft the bite of poi-

fonous reptiles, are the only people ever feen in thole pleafant

and extenfive plains.

I arrived the 15th of February at the place called Otumpa,

where the mafs was found almoft buried in pure clay and

afhes.

The exterior appearance of it was that of perfectly compa&

iron ; but upon cutting off pieces of it, I found the internal

part full of cavities, as if the whole had been formerly in a

liquid ftate. I was confirmed in this idea, by obferving on

the furface of it the impreftions as of human feet and hands

of a large fize, as well as of the feet of large birds, which

are common in this country. Though thefe impreftions feem

very perfeCt, yet I am perfuaded that they are either a lufus

jjatura^^ or that impreftions of this nature were previoufly

upon the ground, and that the liquid mafs of iron falling upon it

received them. It refembled nothing fo much as a mafs of dough,

which, having been ftamped with impreftions of hands and feet,

and marked with a finger, was afterwards converted into iron.

Vol. LXXVIII. B b I began
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I began to cut off part of it with chiffels ; and in feparating

from the mafs twenty-five or thirty pounds, I fpoiled all the

chiffels I had, to the number of feventy.

I ordered my men to dig round it, and found the under fur-

face covered with a coat of fcoriae from four to fix inches thick 5

undoubtedly occasioned by the moiffure of the earth, becaufe

the upper furface was clean.

Having moved it half round, by me'ans of handfpikes, I

ordered the ground under its bed to be dug to a considerable

depth, and even blew it up in two places with gunpowder

;

after which, examining the deepeft part of the earth, I found

it exa&ly like the upper part, and of the fame nature as the

earth of all the country, as likewife of two pits, which I

had dug at the dillance of feventy or one hundred paces E.

and W. of the mafs. Finding here no root or trace of gene-

ration, I reafoned in the following manner.

Either this mafs was produced in the Spot where it lies, or

it was conveyed hither by human art, or caff hither by fome

operation of nature. It could not be generated here, accord-

ing to any known procefs of nature. And whence, by whom,

or how, could it be conveyed hither, as there are no iron

mines within hundreds of leagues, nor remembrance that any

have been worked in the kingdom ? It could be of no value.

Since it could not be ufed ; and why bring it into a country

the moft uninhabitable of all the Chaco, from the want of

water ? Befides, how could fo heavy a mafs be conveyed,

the Indians never having known the ufe of wheel carriages ?

This mafs, therefore, muff have been the effect of fome

volcanic explofion.

,

Many circumSlances induce me to think fo. Volcanos fre-

quently leave behind them, after exploSion, pits of water,

1 either
JF \ f %
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either hot or cold ; and at the diftance of about two leagues to

the eaft of this mafs, I difcovered a brackifh mineral fpring,

the only one to be found in all this country. In the whole

diftri<3: of the Chaco I travelled over, I obferved no difference

in the level of the ground, except the very fpot where I

made this difcovery ; and here only I found a gentle af-

cent running from N. to S. and which attracted my no-

tice before I had feen the mafs of iron. This afcent is

between four and fix feet above the reft of the country.

The earth in every part around this mafs, as well as about

the brackifh fpring, is a very light, loofe earth, like afhes,

even in colour. The grafs produced immediately contiguous,

called Ahivi, is fhort, fmall, and extremely unpalatable to cattle ;

whereas the grafs found in the reft of the country, at a little

diftance from the mafs and fait fpring, is long and very grate-

ful to them.

At a little depth in the earth are found ftones of quartz,

of a beautiful red colour, which the honey-gatherers make

life of as flints to light their fires. They had formerly

carried fome of them away, on account of their peculiar

beauty, being fpotted and ftudded as it were with gold.

One of thefe, that weighed about an ounce, came into

the hands of the Governor of Santiago del Eftero, who told

me, that he ground it, and fhewed me more than a drachm

of gold that he had extracted from it.

It is 'an undoubted fact, that in thefe immenfe forefts there

exifts a mafs of pure iron, in the ftiape of a tree, with its

branches. Many of the Indians have feen it ; and the inha-

bitants of the colony of the Avipones, are acquainted with

the fpot where it lies. A diltinguifhed European of the city

B b 2 of
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of Salta touched it. The body of this tree extends upon the

ground in the direction from E. to W. having left behind to

the E. a part which lies in the direction from N. to S. and it

is from this that the pieces of metal may have been taken with

a chiflel. From this account one may venture to form the

following hypothefis.

1 will fuppole, that the volcanic explofion happened in the

fpot where I difcovered the brackifh fpring ; that by the explo-

fion a great quantity of earth was railed, and formed the eleva-

tion of this part of the plain above the ref: ; that it was origi-

nally much higher, but the continual rains of the Chaco,

which is overflowed a third part of the year, are always a&ing

to bring it to a level with the reft of the country.

The direction of the greateft portion of the mafs of iron

ejected was from E. to W. and being heavier reached to

the diftance where it is found. Another portion of the

matter fmaller, and perhaps more fluid, feparated and took

another direction, running into feveral ftreams, as when water

is thrown out of a pail. This fmall portion of matter having

cooled, and the earth which fupported it being wafhed away

gradually by the water, muft, I apprehend, have formed what

is now called the Tree of iron.

The falitie and antimonial matters, which ufually accompany

all minerals, mud have been fcattered round about in a fimilar

manner, and rendered the ground barren.

In the kingdom of Santa Fe de Bogota, there is found fluff

of platina mixed with gold. Almoft every body knows the

great affinity there is between thefe two metals, fo that it is

not furprizing, confidering all thefe reafons, that the fire of the

volcano fhould have melted the platina which lay above the

gold, and thrown it up. This principle of volcanos is the

4 mod
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moft natural to account for the formation of thofe famous

maffes of lilver found feparate at Guantajaia, about which fo

many extravagant and ridiculous ftories have been told.

The mats of iron, which is the fubjeft of this letter, ac-

cording to its cubic meafure, and allowing it a little more

fpecific gravity than iron, muft weigh about 300 quintals.

(Sig.) Chev. MICH. RUBIN DE CELIS.

From the Ifland of Leon,

June 20, 1786.
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METEOROLOGICAL JOURNAL
for January 1787.

Time. Therm.
without

Therm.
within.

Barom. Rain. Winds.

Weather.

H. M. Inches. Inch. Points. Str.

Jan. 1 8 0 37 45l 3°*42 0,042 SW 1 Fine.

2 0 43i 47 £ 3°»39 ssw 1 Cloudy.

2 8 0 34 45 3 °*4 2 wsw 1 Foggy.

2 0 36 45 3°*4° wsw 1 Cloudy.
O
0 8 0 37 47! 30,34 0,037 SW '

1 Cloudy.

2 0 40 50 30,37 wsw 1 Cloudy.
j

4 8 0 40 ' 48 30 , 5 1 wsw 1 Cloudy.,

2 0 44 5 1 30,53 wsw 1 Cloudy.

5 8 0 42J 5° 30,45 wsw 1 Cloudy.

2 0 47 52 30,42 WNW 1 Cloudy.

6 8 0 44 5 1 30-35 NW 1 Cloudy.

2 0 47 52 30,37 NNE 1 Cloudy.

7 8 0 33 5°1 30,60 NE 1 Fine.

2 0 36 5 1 30,62 ENE 1 Fine.

8 8 0 27 48 30*64 ESE 1 Foggy.

2 0 o4 5° 3°>63 NEbyN 1 Cloudy.

9 8 0 3° 49 3°* 6 3 0,017 NNE 1 Foggy.

2 0 40 5°£ 30,60 NNE 1 Cloudy.

10 8 0 35 49 30*44 SE 1 Cloudy.

2 0 342 5°2 30*4 1 SE 1 Cloudy.

1

1

8 0 342 48

1

3°* *9 SE 1 Cloudy.

2 0 40 5°i 3°* 10 SE by S 1 Fine.

12 8 0 34i 49 29, 8 3 SE 1 Fine.

2 0 40 52 29,63 SE by E 2 Fine.

*3 8 0 37 48 29,52 SE by S 2 Fine.

2 0 45 5° 29,59 SSE 2 Cloudy.

H 8 0 37 48 29,89 SE by E 1 Foggy.

2 0 45 5° 29,91 SE by E I Fine.

1 5 8 0 33 i 48 30,04 SE I Foggy.

2 0 34 5°i 30,02 ESE I Foggy.

16 8 0 3° 48 29,90 SE by S I Foggy.

2 0 36 49 29*85 SE I Cloudy.

METE
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METEOROLOGICAL JOURNAL
for January 17 87.

Time. Therm.
without

Therm.
within.

Barom. Rain. Wind.

Weather.

H. M. [aches. Inch. Points. Str.

Jan. 17 8 0 351 47 30,07 NNE 1 Cloudy.

2 0 40 49 3°, 1

6

NNE 1 Cloudy.

18 8 0 3° 47 30,26 SW 1 Foggy.

2 0 38 5° 30,13 wsvv 1 Rainy.

*9 8 0 33 48 30,27 0,010 NW 1 Foggy.

2 0 391 50 3°> 2 5 NW 1 Foggy.

20 8 0 43 48 30,16 0,095 NW 1 Foggy.

2 0 49 5 i 3°’ 16 NNW 1 Cloudy.

21 8 0 44 49 30, 16 O.O18 NW 1 Foggy.

2 0 47 52 30, 1 2 NWbyN 1 Cloudy.

22 8 0 43 49 30,12 NW 1 Cloudy.

2 0 46 53 3°’ r 3 NNE 1 Cloudy.

23 8 0 4 if 52 3°>°9 0,016 SW by S 1 Cloudy.

2 0 43 53 30,08 W 1 Cloudy.

24 8 0 4 i 52 30,09 NNE 1 Foggy.

2 0 44 54 3°, 10 E by N 1 Fine.

25 8 0 37 54 30 *
1 5 0,029 ESE 1 Cloudy.

2 0 3 8 53 30, 1

8

SE byS 1 Fine.

26 8 0 28I 5 1 NE by E 1 Fine.

2 0 33i 52 3°>°5 NE 2 Cloudy.

27 8 0 28 49f 29,84 NE I Snow.

2 0 3 1 5° 29, 8 3 NE by E I Cloudy.

28 8 0 3° 471 29,67 SE by S 3 Cloudy.

2 0 3 1 ! 49 29,64 SSE 2 Snow.

- 29 8 0 40f 471 29,88 0,068 S by E 2 Cloudy.

2 0 45 49 29*93 SSW 2 Cloudy.

3° 8 0 47 49 30,27 0,028 SSW 2 Cloudy.

2 0 5 1 54 3°* 32 SSW '2 Fine.

3 1 8 0 38 5° 30, 3s SW 1 i'ine.

2 c 48I 53 30, 3 8
SW 1 Fine.

C cVol. LXXVIII. METE-
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METEOROLOGICAL JOURNAL
'or February 1788.

Time. [Therm.

iwithout

Therm
within.

Barom. Rain, Winds.

Weather.

H. M. >

‘

i

Inches. jlnch. Points. jStr.

Feb. 1 8 0 4 1 5° 30 , 3 ! SW 1 i'Fihe.

1
2 0 50 54 3°* 2 5 sw 1 Fine.

0 8 0 44 52 30,28 0,034 SE by E 1 Foggy.

2 0 48 54 30,28 SSW 1 Cloudy.

3 8 0 45 53 30 *
1 1 SW 1 Cloudy.

0 0 49 54 ? 30,01 SW 2 Cloudy.

4 8 0 35 53 3°* 25 0,046 SE by E I Fine.

2 0 44 54 30, 21 SE I Fine.

5 8 0 33 SH 30,04 SE by E I Cloudy.

2 0 4 1 53 2 9’95 SE by E I Tine.

6 8 0 37 51 29,87 SW by S 1 Cloudy.

2 0 44
'

53 29,82 SW I Cloudy.

7 8 0 48 52 29*55 0,02c S by W 2 Rainy.

2 < 0 52 54 29’55 SSW 2 Cloudy.

8 8 0 37 52 3°,01 0,018 .SW 1 Fine.
%

2 0 49 54 30,01 '

•

; ;

SW byW 2 Cloudy.

9 8 0 461 53 29,77 f * -
. .

*

* SW by S 2 Rainy.

2 0 5° 54 29,61 SW by W 2 Cloudy.

10 8 0 43 | 53 29,41 0,058 S by E 2 Cloudy.

2 0 47 54 29,24 SSE 2 Rainy.

1

1

8 0 4 i 53 29,21 0,160 S by W 2 Fair.

2 0 45 54 29,05 S by W 2 Rainy.

12 •8 0 39| 53 28,68 0,206 SW by S 3 Rainy,

2 0 45 53 28,67 • * • SSW 3 Rainy.

i 3 8 0 41 52 28,71 0,376 SW 1 Cloudy.

2 0 45§ 53 28,99 W 1 Cloudy.

H 8 0 35 5 i 29 > 7 i W by N 1 Fine..

2 0 45 54 29,86 W by N 1 Fine.

15 8 0 46 52 29,83 SW byW 2 Cloudy.

2 0 49 5 1 29,81 SW 2 Cloudy.

16 8 0 49 53 29,96 0,026 SW 2 Cloudy.

2 0 5 1 55 29* 85 SW 2 Cloudy.

3 METE
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METEOROLOGICAL JOURNAL
for February 1787.

Time. Therm.
without

Therm.
within.

Barom. Rain . Winds •

Weather.

H. M. Inches. Inch. Points. Str.

Feb. 1

7

8 0 3 8 54 3°> 3 l SW 1 Fine.

2 0 47 • 56 3°> 3 6 W 1 Fine.

18 8 0 42 54 3°’ 3° SW by S 1 Cloudy.

2 0 50 55 30,27 W 1 Cloudy.

*9 8 0 39 54 3°’34 SW 1 Fine.

2 0 52 56 3°’33 SW byW 1 Fine.

20 8 0 40 54 30,27 S by E 1 Foggy.

2 0 45 55 30,27 SE by S 1 Foggy.

21 8 0 44 54 30,1$ N 1 Fine.

2 0 46 55 30, 16 NNE 1 Cloudy.

22 8 0 0 0

1

oor 53 30, 1

6

ENE 1 Fine.

2 0 4 i 55 30, 1

6

E 1 Fine.

2 3 8 0 3 1 52 3°> I 4 ESE . 1 F°ggy.

2 0 4 1 55 3°»H ESE 1 Fine.

24- 8 0 36 52 30,08 W 1 Cloudy.

2 0 44 53 3°,06 W 1 Cloudy.

2j 8 0 38 52 30,08 W 1 Cloudy.

2 0 46 53 3°»°3 W I Cloudy.

26 8 0 42 52 30,06 0,024W by N 1 Cloudy.

2 0 5 1 53 30,08 W by S I Cloudy.

27 8 0 40 5 i 30 ’ 1

1

SW by S I Fine.

2 0 49 53 30,00 SW 1 Fine.

28 8 0 43 5 i 29,90 0,073 W 1 Fine.

2 c 53 54 29,97 W by S 1 Cloudy.

\

C c 2 METE
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for March 1787.

Time. Therm. Therm. Barcm. Rain. Winds

WlttlOUl within.

Weather.

H. M Inches Inch. Points. Str.

March I 7 0 5i 53 29,80 0,107 SW 2 Cloudy.

2 o 55 55 29,62 SW 2 Rainy.

2 7 0 49 54 2 9>3 2 0,036 SW by S 3 Cloudy.

2 c 53 54 29,38 SW by S 2 Cloudy.

3 7 o 46 53| 29:45 SW by S 2 Cloudy.

2 0 49 54 29’°3 ssw 2 Rainy.

4 7 0 42 53 29,10 0,076 w 1 Fair.

2 c 45 54 29>55 NNW 1 Cloudy.

5 7 o 3° 5 2 29’75 SE 1 Cloudy.
- 2 o 37 53 29:55 SE by E 1 Rainy.

6 7 o 44 5 2 29,44 0,061 SSE 2 Cloudy.

2 o 47 54 29,11 S by E 2 Rainy.

7 7 o 40 53 — 9? 3

1

0,261 WNW 1 Fair.

2 o 49 55 29:5 2 WNW 1 Fine.

8 7 o 3+ 53 29,88 WNW 1 Fine.

2 o 47f 54| 29,92 NW 1 Fine.

9 7 o 38 53 29:53 SE 2 Hazy.

2 0 45 54 29:45 SSE 2 Cloudy.

10 7 0 40 53 29:4 S 0 Rainy.

2 0 49 55 28,93
4 SW 2 Rainy.

1

1

7 o 40 54 2 9> 85 0,278 w 1 Fine.

2 o 461 54! 3o,or W by S 1 Cloudy*.

12 7 o 35 54 3°: 3 7 0,022 W 1 Foggy.

2 o 47 54! 30,41 W 1 Fine.

*3 7 o 4 1 ! 5 2 3°:5‘ W by S 1 Cloudy.

2 o 52 544 3°:51 WSW 1 Cloudy.

J4 7 o 45 53i 30 < S l WSW 1 Cloudy.

2 0 49 55 3°>S l NW 1 Cloudy.

^5 7 o 44 53 3°:42 W 1 Fine.

2 o 55 55 3°,40 w 1 Cloudy.
r

ifc 7 0 41 54 3°>38 w 1 Fine.

2 o 5 2 55 30,33 w 1 Cloudy.

4 ME T El*
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METEOROLOGICAL JOURNAL
for March *787.

Time. Therm.
without

Therm.
within.

Barom. Rain. Winds.

Weather.

H. M. Inches. Inch. Points. Str.

March 17 7 0 46 53 30,28 WNW 1 Fine.

2 0
5 1 55 3°> 2 9 NWbyW 1 Cloudy,

18 7 0 43 53 3°’ 5° NNW 1 Fine.

2 0 52 50 3°.49 NNW 1 Fine.

19 7
0 38 52 30,41 W 1 Fine.

2 0 53 55 3°’ 3 I VV by S 1 Fine.

20 7
0 40 53 3°» 24 SW 1 Foggy.

2 0 54 56 30,22 S by W 1 Fine.

21 7
0 42 55 3°. 2 3 SW 1 Foggy.

2 0 56 57 30,21 W 1 Fine.

22 7
0 42 55 30, 11 SSW I Fine.

2 0 56 5 ^ 3°,02 SSW I Hazy.

2 3 7
0 46 55 29,48 0,019 S 1 Rainy.

2 0 54 56 29>44 SSW 1 Fine.

24 7
0 3 8 54 29*51 NW 1 Fine.

2 0 5 i 57 29,60 NNW 1 Fine.

25 7
0 42 55 29.75 SW 2 Fine.

2 0 47 56 29.63 s 1 RaiDy.

26 7
0 48 54 2 9 55 0,262 S by W 2 Cloudy,

2 0 53 57 29.58 S by W 2 Cloudy.

27 7
0 44 54 29,70 SW 2 Fine.

2 0 53 57 29,70 SW byW 2 Fine.

28 7 0 47 55 29.58 WSW 2 Cloudy,

2 0 56 57 29 . 5 1 SW 2 Cloudy.

29 7
0 48 55 29 . 3° 0,016 SW I Cloudy.

2 0 53 56 29,28 W by S 1 Cloudy.

3° 7
0 48 56 29,16 0,120 WSW I Cloudy.

2 0 52 57 29,26 SW by S I Cloudy.

3 1 7 0 42 56 29.51 0,025 SSW i ‘Fine.

2 0 52 58 1 29.59 SSW x (Fine.
r

METE-
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for April 1 78 7.

Time. Therm.
without

Therm.
within.

Barom. Rain. Winds

Weather.

H. M. [nches. Inch. Points. Str.

April 1
7 0 45 56 29,98 ENE 1 Cloudy.

2 0 49 57 30,02 NE 1 Cloudy.

2 7 0 44 54 29,96 NE 1 Cloudy.

2 0 48 55 29,88 ENE 2 Cloudy.

3 7 0 45 54 29,68 0,117 ENE 1 Cloudy.

2 0 49 55 29,66 E 1 Rainy.

4 7 0 44 54 29,74 0,049 NNE 1 Cloudy.

2 0 53 57 29,78 ENE i Fine.

5 7 0 45 55 29,84 NE 1 Cloudy.

2 0 52 56 29,82 NE 1 Cloudy.

6 7 0 48 55 29,76 SSE 1 Rainy.

2 0 5 1 57 29,72 SE 1 Cloudy.

7 7 0 45 55 29,77 0,02 I NE 2 Cloudy.

2 0 49 57 29,85 E by N 2 Fine.

8 7 0 42 55 3°,08 ENE 2 Cloudy.

2 0 47 5
6 30,12 NE by E 2 Cloudy.

9 7 0 38 53 ' 30,28 ENE 2 Fine.

2 0 52 55 5°> 24 ENE 2 Fine.

10
7 0 40 53 3°,24 ENE I Fine.

2 0 56 57 30,16 NE byE I Fine.

1

1

7 0 43 55 30,07 0,027 SE by E I Cloudy.

2 c 52 56 30,07 E I Hazy.

12
7

0 40 54 30,07 NE I Cloudy.

2 c 54 57 30,02 NE by E I Fine.

13 7 c 45 55 29,92 0,034 N I Cloudy.

2 c 47 56 29,88 NNW 2 Cloudy.

14 7 c 37 55 29,84 NNE 2 Hazy.

2 c 48 55 29,78 NNE 2 Cloudy.

15 7 c 40 55 29,80 S I Fine.

2 c 53 57 29,88 s 2 Cloudy.

16 7 c 45 54 30,09 NE I Cloudy.

2 c 53 57 1 s0,^ NEbyE 2 Cloudy.

METE
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M E:teorological jour

for April 1787.

N A L

Time. Therm. Therm. Barom. Rain. Winds.

without within. •
.

H. M. Inches. Inch.* Points. Str.

V \ OUUIV. L «

April 1

7

7 0 40 54 30>40 NE 1 Cloudy.

2 0 43 54 30,40 NE 1 Cloudy.

18 7 0 45 54 3°, 1 3 N 2 Cloudy.

2 0 5 1 55 30,00 NW 2 Cloudy.

l 9 7 0 45 54 30,08 0,023 NNYV 2 Fine.

2 0 52 54 30,13 N 2 Cloudy.

20 7 0 42 53 30,34 NE 2 Cloudy.

2 0 46 55 3°, 38
NE 2 Cloudy.

21 7* 0 4 1
'

53 30,48 NE 2 Cloudy.

2 0 5 i 55 30,42 NE 2 Cloudy.

22 7 0 44 53 30,27 NW 2 Cloudy.

2 0 57 55 30,22 W by N 2 Cloudy.

2 3 7 0 48 53 30,20 W 2 Cloudy.

2 0 58 56 3°, 1 8 W 2 Cloudy.

24 7 0 47 54 30,20 NE 1 Cloudy.

2 0 56 57 30,22 NE 1 Cloudy.

25 7 0 48 55 29,08 W by S 1 Cloudy.

2 0 5o 56 29,

5

6 SW 1 Rainy.

26 7 0 47 55 29,57 0,197 NNW 2 Fine.

2 0 55 57 29,08 NW 2 Cloudy.

27 7 0 47 56 29,77 WSW 1 Fine.
•

2 0 54 5 8 29,57 SW 1 Rainy.

28 7 0 46 56 29,07 0,170 WSYV 2 Fair.

2 0 49 57 29,17 w 2 Cloudy.

29 7 0 46 55 29,27 0,052 SW 2 Cloudy.

2 0 49 57 29,19 W by N 2 Cloudy.

3° 7 0 42 54 29,32 0,233 NW 2 Cloudy.

2 c 45 55 29,48 N 2 Cloudy.

v

METE
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METEOROLOGICAL JOURNAL
for May 1787.

Time. [Therm.

Jwithour

Therm.
within.

Barom. Rain Winds •

Weather.
H. M. Inches. Inch. Points. Str.

May 7 0 39 53 29,82 NNE 2 Fine.

l
2 0 5° 55 29,87 N 2 Cloudy.

2 7 0 42 53 29,97 SSE I Cloudy.,

2 0 5 8 55 29,92 W by S I Fine.
O
0 7 0 50 55 29>93 w I Fine.

2 0 bo 57 29,8a wsw I Fine.

4 7 0 55 55 29,82 WaW I Cloudy.

2 0 62 59 29,91 O Cloudy.

5 7 0 46 57 3°,08 NNW

.

2 Fine.

2 0 54 59 30,21 NNE 2 Fine.

6 7 0 41 3°’ 3° NNE I Fine.

2 0 5 i 57 30,28 NE 2 Cloudy.
*
i 7 0 43 56 30,28 NE by E I ‘ine.

2 0 57 59 30,28 NE bv E 1 Fine.

8 7 0 48 57 3°, 1

6

NE I Fine.

2 0 62 59 30,05 NE I Mne.

9 7 0 49 57 29,84 NNE I "ine.

2 0 60 60 29,76 NE I Hazy.
10 7 0 46 5 s 29,66 NE I Cloudy.

2 0 49 60 29,54 N I ^ainy.
' 11 7 c 47 5 8 29,45 0,631 SW I Cloudy.

2 0 55 59 29,55 sw I Cloudy.

12 7 0 44 5 8 29,76 w I Hazy.
2 0 61 60 29,76 w I Cloudy.

l 3 7 0 50 59 29,74 wsw 1 'ine.

2 c 64 60 29-7° W by S I "ine.

M 7 c 52 59 29,80 E by N I 7 ine.

2 c °3 61 29,85 E bv N I Cloudy.

15 7 c 5° 60 30,07 E I "ine.

2 c 5 ^ 60 30,09 ESE I Cloudy.

16 7 0 48 60 30,12 SE 2 Cloudy.

2 0 54 60 30,11 SE 2 (Fine.

mete
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meteorological journal
for May 1787.

Time. Therm.
without

Therm.
within.

Barom. Rain. Wind.

Weather.

H. M. Inches. Inch. Points. Str.

May 17 7 0 49 60 30,02 SE 2 Fine.

2 0 56 61 30,02 SE 2 Fine.

18 7 0 49 60 [30,11 ESE I Fine.

2 0 60 61 3°» I 5 SE by E I Fine.

1 9 7 0 52 60 3°’ 2 5 SSE I Fine.

2 0 65 62 30,26 SSE Fine.

20 7 0 52 61 30,26 SSE I Fine.

2 0 66 62 30,26 SE 2 Fine.

21 7 0 57 62 3°> l8 SE I Cloudy.

2 0 70 63 3°» !4 SE I Fine.

22 7 0 56 62 30,08 W I Fine.

2 0 7 i 64 30,06 NW I Fine.

23 7 0 53 63 29»97 W I Cloudy.

2 0 58 ^3 29,85 W I Cloudy.

24 7 0 49 61 29,56 0.137 W 2 Rainy.

2 0 55 63 29^33 W 2 Fair.

25 7 0 50 62 29,501 0,100 WNW I Cloudy.

2 0 61 63 29.63 WNW I Fine.

26 7 0 53 62 29.53 0,060 WNW 2 Fine.

2 0 64 62 29,49 W 2 Cloudy.

27 7 0 52 61 29.56 0,130 W by N I Cloudy.

2 0 62 62 29.58 W by N I Fine.

28 7 0 52 61 29.45 0,059 W 2 Cloudy.

2 0 59 62 29,46 WNW 2 Cloudy.

29 7 0 49 60 29.77 0,020 WNW 2 Cloudy.

2 0 57 62 29. 8 3 WNW 2 Cloudy.

3° 7 0 50 59 29.93 NNE I Fine.

2 0 hi 61 30,08 NNE I Fine.

3 1 7 0 52 60 3°. 3 I NE I Fine.

2 0 69 6

1

3°> 2 9 NNE I Fine.
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METEOROLOGICAL JOURNAL
for June 1787.

Time. Therm.
without

iTherm.

'within.

Barom. Rain. Winds,

Weather.

H. m: Inches. Inch. Points. |Str.

June 1 7 0 57 60 3°’2 1 SE 1 Fine.

2 0 65 62 3°, 10 N 1 Cloudy*

2 7 0 Si 61 30,00 NNE 1 Cloudy.

2 0 ss 61 3°,01 NNE 1 Cloudy.

3 7 0 51 61 29,96 ssw 1 Fine.

2 0 6 5 62 29,90 NW 1 Fine.

4 7 0 5 i 60 29,96 - NE 1 Cloudy.

2 0 62 61 29,91 NW 1 Cloudy.

5
p*

/
0 52 61 29,67 SSW 1 Fine.

2 0 H 62 29,64 wsw 1 Cloudy.

6 7 0 49 60 29,77 NE 1 Cloudy.

2 0 SO 61 29,81 NE by E I Cloudy.

7 7 0 46 59 30,00 0,076 SW 1 Fine.

2 0 60 60 30,00 SW 1 Fine.

8 7 0 5 i 59 3° H SSE 1 Fine.

2 0 b3 60 3°’ x 3 SE by S 1 Fine.

9 7 0 59 60 30, 1 8 SE by S 1 Fine.

2 0 6 9 62 3°, i 6 SE by S 1 F'ine.

10 7 0 58 60 3°, I 4 SE by E 1 Fine.

2 0 68 6 3 3 °» IX SE 1 Fine.

1

1

7 0 58 63 3°>°5 E by S 1 Fine.

2 0 73 64 30,04 E by S 1 Fine.

12 7 0 58 63 30,04 E 1 Fine.
0 0 77 66 30,00 E 1 Fine.

*3 7 0 58 64 29.97 ENE 1 Cloudy.

2 0 64 65 29,90 ENE 1 Cloudy.

7 0 55 6 S 29,70 0,175 E Rainy.
0 0 65 29,68 SSW 2 Cloudy.

*5 7 0 58 65 29,6a SSE j Fine.

2 0 73 65 29,68 SSE 1 Hazy.
16'

7 0 59 65 29,90 S by E 1 Fine.

2 0 73 67. 29.9+ S 1 Cloudy.
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METEOROLOGICAL JOURNAL
t

for June 1 787.

Time. Therm.
without

Therm.
within.

Barom. Rain. Winds.

Weather.
H. M. Inches. Inch. Points. Str.

June 17 7 O 58 66 3°>°4 SW 1 Fine.

2 O 67 66 3°,°5 SW 1 Cloudy.

18 7 0 58 65 3°>° 8 SW 1 Fine.

2 O 66 6 5 3°,°° SW 1 Cloudy.

*9 7 O SS 65 29,83 0,065 WSW I Cloudy.

2 0 64 65 29,81 SWbyW I Cloudy.

20 7 0 54 6 3 29,80 WSW 1 Cloudy.

2 0 67 65 29>75 SW 1 Cloudy.

21 7 0 55 64 29,76 SE 1 Hazy.

2 0 62 64 29,74 SE 1 Cloudy.

22 7 0 58 64 29,70 0,020 SSW 1 Cloudy.

2 0 68 65 29»74 SW 1 Fine.

23 7 0 60 65 29»79 0,017 S'W byW 1 Cloudy.

2 0 7 1 66 29,87 WSW 1 Cloudy.

24 7 0 58 65 3°,01 SSE I Fine.

2 0 7 i 67 29.94 S by W 1 Fine.

25 7 0 59 66 29,71 0,209 SW 2 Cloudy.

2 0 67 66 29,72 SW 2 Cloudy.

26 7 0 57 65 29,78 SW by S I Cloudy.

2 0 62 66 29,78 SSW 2 Cloudy.

27 7 0 58 66 29)55 0,100 SSW 2 Cloudy.

2 0 67 66 29)55 S by W 2 Cloudy.

28 7 0 56 65 29,82 SW I Hazy.

2 0 65 66 29,82 SW by S I Cloudy.

29 7 0 55 65 29,85 SSW I Fine.

2 0 68 66 29,88 SSW I Hazy.

3° 7 0 56 65 29,98 SW I Hazy.

1 2 c
1 72 67 3°)°3 SW I Fine.
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METEOROLOGICAL JOURNAL
for July 1787.

;

. ...

Time. Therm.jTherm.
without jwithin.

Barom. Rain. Winds •

Weather.
H. M. Inches. Inch. Points. Str.

July 1 7 0 61 65 30,22 SE by E 1 Fine.

2 0 73 67 30,26 ESE 1 Cloudy.

2 7 0 59 66 30,38 ESE 1 Fine.

2 0 77 68 30,33 ESE 1 Fine.

3 7 0 63 67 30,38 N 1 Fine.

2 0 73 69 30,35 NNE 1 Fine.

4 7 0 66 69 30,37 NE 1 Fine.
/ 2 0 77 7 i 30,37 NE 1 Fine.

5 7 0 65 70 30, 24 ESE 1 Fine.

2 0 78 72 3°,
18 ESE 1 Fine.

6 7 0 62 70 29,94 SE 1 Fine.

2 0 77 73 29,80 S 1 Fine.

7 7 0 60 70 29,7° SW 1 Cloudy.

2 0 7 1 70 29,70 W 1 Fine.

8 7 0 S 3 69 29,70 WSW 1 Fine.

2 0 7 1 70 29,76 WSW 1 Fine.

9 7 0 59 68 29,95 WSW 1 Fine.

2 0 65 67 29,94 WSW 1 Cloudy.

10 7 0 57 67 29,73 0,131 SSW 1 Cloudy.

2 0 68 68 29,74 SW i Cloudy.

1

1

7 0 55 65 29,98 0,083 SW 1 Fine.

2' 0 67 69 29,97 SW 1 Fine.

12 7 0 5 8 65 29,73 0,190 WSW 1 Cloudy..

2 0 67 66 29,69 WSW 1 Cloudy.

*3 7 0 58 66 29,66 0,412 SW 1 Cloudy.

2 0 58 65 29,61 SSW 1 4.ainy.

J 4 7 0 57 65 29,55 0,230 NNEj 1 Fair.

2 0 65 65 29,59 NE 1 Cloudy.

IS 7 0 56 65 29,75 0,045 SSE 1 Cloudy.

2 0 66 66 29,71 S 1 Cloudy.

16 7 0 57 66 29,60 0,244 SSW 2 Fine.

2 0 65 66 29,74 SSW 2
i
Fine.
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METEOROLOGICAL JOURNAL
for July 787.

Time. Therm.
wittiout

Therm.

within.

Barom. Rain. Winds.

Weather.

H. M. Inches. Inch. Points. Str.

July 17 7 O 55 65 29 73 0,094 S by W 1 Rainy.

2 O 6 3 6 5 29>73 SSW 2 Rainy.

18 7 O 54 64 29 94 0,183 SW byW I Fine.

2 O 62 64 29 93 sw I Fine.

7 O 5 1 63 3°’°4 0,044 WSW I Fine.

2 O 66 c 4 3°’°4 W I Cloudy.

20 7 O 58 6 3 29,88 SW by S I Cloudy.

2 O 62 64 29,78 SW by S 1 Cloudy.

• 21 7 O 57 6 3 29,52 0,015 SW by S I Cloudy.

2 O 60 64 29 ,47 SW by S I Rainy.

22 7 O 56 63 29,44 0,220 SW byW I Cloudy.
• 2 O 63 64 29,44 SW byW I Fine.

2 3 7 O 58 63 29 ,49 0,173 SSW I Cloudy.

2 O 6 3 64 29 49 SSW I Rainy.

24 7
O 56 64 29,37 0,305 SW by S I Cloudy.

2 O 60 64 29,40 SW bv S I Rainy.

25 7 O 57 63 29,54 0,195 SW by S I Cloudy.

2 O 6 3 64 29 'S
1 SW I Cloudy.

26 7 O 55 63 29,71 0,235 SW byW 1 Fine.

2 0 64 64 29^75 SW by W 1 Fine.

27 7 O 56 63 29,92 0,1 1 I WSW I Fine.

2 O 66 64 29,94 sw I Fine.

28 7 O 57 64 30,00 0,161 s I Fine.

2 0 67 65 29 ,95 s I Ha«y.

29 7 O 62 65 29,64 sw I Cloudy.

2 O 64 65 29,66 sw I Cloudy.

3° 7 0 62 6 5 29,71 0,053 SW by S. 2 Cloudy.

2 0 67 66 29,70 SW 2 Fine.

3 1 7 0 54 65 29,80 0,122 SW by S I Rainy.

2 0 66 66 29,77 SW by S I Fine.
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METEOROLOGICAL’ JOURNAL
for Auguft 1787.

Time. Therm.
without

Therm.
within.

Barom. Rain. Winds.

Weather.

H. M. • Inches. Inch. Points. Str,

Auguft 1 7 0 57 65 29,94 0,425 SW 2 Cloudy.

2 0 08 66 29,94 SW 2 Fine.

2 7 0 56 65 3°, 18 WSW 1 Fine.

2 0 67 67 30,26 WSW I Fine.

3 7 0 57 67 3°,40 \ WSW I Fine.

2 0 75 68 30,40 W 1 Fine.

4 7 0 60 67 3°, 3 8 WSW I Fine.

2 0 77 68 30,36 WSW I Fine.

5 7 0 64 68 30, 1

8

ESE I Hazy.

2 0 78 68
*

29,98 SE I Fine.

6 7 0 62 68 3°,02 SW 1 Cloudy.

2 0 75 69 3°,°4 WSW I Cloudy. *

7 7 0 61 70 30, 16 ESE 1 Fine.

2 0 77 7 i 30,16 ESE 1 Fine.

8 7 0 6 3 70 30,22 SE I Fine.

2 0 77 72 30,18 SE I Fine.

9 7 0 63 7 1 30,06 ESE I Fine.

2 0 83 73 29,99 E by S 1 Fine.

10 7 0 64 72 29,91 WSW 1 Cloudy.

2 0 77 73 30,oo WSW 1 Cloudy.

1

1

7 0 63 7 i 30,04 0,060 WSW 1 Cloudy.

2 0 74 7 * 30,05 WSW I Fine.

12 7 0 58 70 30,86 0,036 SW 1 Cloudy.

2 0 67 70 29,86 SW 1 Cloudy.

*3 7 0 55 68 3o ,
2 3 0,044 SW I Cloudy.

2 0 72 69 30,22 SW I fine.

14 7 0 55 68 30,13 WSW 1 Cloudy.

2 0 67 68 30,03 WSW 2 Cloudy.

J 5 7 0 62 68 29,90 0,07 c SWbyW 2 Rainy.

2 0 68 68 29,90 SWbyW 1 Fair.

it 7 0 6 3 68 29,90 SW Cloudy.

0 0 67 68 29,87 SW 1
[Cloudy.
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METEOROLOGICAL JOURNAL
for Auguft 1787.

Time. Therm.
without

Therm.
within.

B a torn. Rain . Winds.

Weather.

H. M. Inches. Inch. Points. Str.

Auguft 17 7 0 57 68

_
29,70 SW byW 2 Cloudy.

2 0 68 68 2 9’73 SW byW 2 Cloudy.

18 7 0 54 66 29,81 0,068 SW by S 2 Fine.

2 0 65 66 29,76 SSW 2 Hazy.

19 7 0 54 66 29,72 0,060 SSW 1 Fine.

2 0 67 66 29,70 SSW 1 Cloudy-.

20 7 0 57 65 29,92 w 1 Cloudy.

2 0 68 66 29,96 w 1 Fine.

21 7 0 54 66 30,18 WNW 1 Fine.

2 0 (,9 66 3°> 21 w 1 Cloudy.

22 7 0 54 66 30,20 w 1 Fine.

2 0 70 66 3°, to wsw 1 Fine.

2 3 7 0 59 67 29,89 0,059 wsw 1 Cloudy.

2 0 70 67 29,89 wsw 1 Cloudy.

24 7 0 52 65 29,87 wsw 1 Cloudy.

2 0 5* 66 29,70 wsw 1 Cloudy.

25 7 0 52 65 29,28 0,107 wsw 1 Cloudy.

2 0 54 66 29,25 wsw 2 Rainy.

26 7 0 48 62 29,68 0,220 wsw 2 F’ine.

2 0 63 ^3 29,72 wsw 2 Cloudy.

27 7 0 54 . 63 29,85 0,017 NNW 2 Cloudy.

2 0 63 63 29,92 NNW 1 Cloudy.

28 7 0 54 6 3 3°>°5 NNW I Cloudv.
J

2 0 63 6 3 3°’°5 NNW I Cloudy.

29 7 0 54 62 3°’°5 WNW 1 Cloudy.

2 0 08 63 3°’c5 WNW I Cloudy.

3° 7 0 58 6 3 WNW I Cloudy.

2 0 65 63 3°» 2 3 WNW I Cloudy.

3 1 7 0 58 63 3°’34 NVV I Cloudy.

2 0 67 64 30,35 NNW I Cloudy.
J
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M E T E 0 R O LOG 1 C A L JO u R N A L

for September 1 787.

Time. Therm. Therm. Barom. Rain, Winds
without within.

Weather.
* •

H. M. Inches. Inch. Points. Str.

Seft. 1 7
0 53 6 3 3°,3 8 NNE 1 Cloudy.

2 0 62 6 3 30»38 NNE 1 Cloudy.

2 7 0 55 6 3 30,40 NE 1 Cloudy.

2 0 63 6 3 30.40 NE 1 Cloudy.

3 7 0 54 62 30.44 ENE 1 Cloudy.

2 0 61 6 3 30.45 ENE 1 Cloudy.

4 7 0 57 62 30,40 ENE 1 Cloudy.

2 0 64 63 3°.3 6 ENE 1 Cloudy.

5 7 0 60 62 3o. 2 9 ESE 1 Cloudy.

2 0 68 6 3 30.24 ESE 2 Cloudy.

6 7 0 58 63 3°. 11 ESE 1 Cloudy.

2 0 65 64 30.05 ESE 1 Cloudy.

7 7
0 57 6 3 30,02

\ SE 1 Cloudy.

2 0 65 64 30,02
/ SE 1 Cloudy.

8 7 0 56 63 3°, 1 3 SE 1 Cloudy.

2 0 66 64 30,03 SE 1 Cloudy.

9 7 0 56 6 3 30,18 SE 1 Cloudy.

2 0 64 64 3°, 18 SE 1 Cloudy.

10 7 0 52 62 30,23 SSE 1 Fine.

2 0 62 ^3 3°, 22 SE 1 Cloudy.

1

1

7 0 53 62 30,28 SSE 1 Cloudy.

2 0 6 3 ^3 30,28 SE 1 Cloudy.

12 7 0 53 6

1

30,30 ESE 1 Cloudy.

2 0 61 62 30,28 E 1 Cloudy.

*3 7 0 53 61 30,23 ESE 1 Cloudy.

2 0 61 62 3°, 18 SE 1 Cloudy.

14 7 0 53 61 3°, 10 NE 1 Cloudy.

2 0 62 61 30,05 ENE 1 Cloudy.

Cloudy.15 7 0 54 61 29,93 SSE 1

2 0 62 62 29,86

29,46

SSE 1 Cloudy.

16 7 0 57 61 0, 1 6c SSE 1 Rainy.

2 0 64 62 29,30 SSW 1 Fair.
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METEOROLOGICAL JOURNAL
i

for September 1787.

Time. Therm. Therm. liarom. Rain. Winds.

without within.

Weather.

H. M. Inches. Inch. Points. St!'.

Sept. 17 7 0 52 6 r 29,26 °> 1 S l SW I Fine.

2 0 58 ^2 29,1 i SW I Rainy.

18 7 0 53 62 29,18 °> I 35 WSW I Cloudy.

2 0 62 62 29,29 wsw I Fine.

*9 7 0 5 i 61 29>47 0, 162 WSW I Fine.

2 0 58 62 2 9.45 wsw I Rainy.

20 7 0 47 60 29,78 0,066 wsw I Fine.

2 0 63 62 29,78 wsw 2 Cloudy.

21 7 0 58 61 29 . 5 ' o.i 55 SSE 2 Cloudy.

2 0 63 62 29.54 SSE 2 Cloudy.

22 7 0 56 62 29,68 0,046 SE by S 2 Rainy.

2 0 6 5 62 29,61 S 2 Fair.

23 7 0 55 62 29.85 0,017 ssw 2 Cloudy.

2 0 65 63 29,86 SSW 2 Fine.

24 7 0 57 62 29,92 ssw I Cloudy.

2 0 65 6 3 29.94 SSW 2 Cloudy.

'25 7 0 53 63 29,88 0,098 SSE I Foggy.

2 0 65 64 29,77 SE I Cloudy.

26 7 0 59 6 3 29,68 ESE I Cloudv.

2 0 68 64 29,70 SSE 2 Fine.

27 7 0 56 64 29,76 S I Foggy.

2 0 57 63 29,80 S I Cloudy.

28 7 0 48 62 29,98 s I Cloudy.

2 0 57 62 30,00 s I Cloudy.

29 7 0 46 61 30,00 s I Fine.

2 0 59 61 29>95 SE I [Cloudy.

3° 7

2

0

G
49
59

61

61

29.83

29.72

ESE
SE

I

I

[Cloudy.

|Ck>udy.
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METEOROLOGICAL JOURNAL
for O&ober 1787.

Time. Therm.
without

Therm.
within.

Barom. Rain, Winds.

Weather.

H. M. Inches. Inch. Points. |Str.

Oct. 1 7 0 54 61 29>56 SE 1 Cloudy.

2 0 63 62 29*55 SE 1 Cloudy.

2 7 0 5 « 61 29,71 E 1 Cloudy.
1

2 0 63 62 29*75 ESE 1 Fine.

0
7 0 56 61 29*65 S 1 Cloudy.

2 0 57 61 29,60 S 1 Small rain.

4 7 0 56 61 29*56 ssw 2 Cloudy.

\ 2 0 57 61 29,56 ssw 2 Cloudy.

5 7 0 5 i 61 29*78 0,125 ssw 2 Fine.

2 0 58 60 29,82 ssw 2 Cloudy.

6 7 0 54 59 29,96 0,076 SSE 1 Cloudy.

2 0 62 60 2 9*99 SSE I Cloudy.

7 7 0 54 60 30.04 0,212 ESE I Cloudy.

2 0 62 61 30,08 ESE I Cloudy.

8 7 0 56 60 30,10 SE I Cloudy.

2 0 61 61 3°*°9 SE I Cloudy.

9 7 0 47 60 30*09 SSE I Foggy.

2 0 . 62 61 3°>°3 S I Cloudy,

10 7 0 56 60 29>53 SSW I Cloudy.

2 0 56 60 29,27 SSW 2 Cloudy.

1

1

7 0 44 58 29,28 0,170 SSW I Cloudy.

2 0 50 58 29,25 ssw I Cloudy.

12 7 0 39 56 29,36 ssw 2 Cloudy.

2 0 5 r 57 29*35 ssw 2 Fine.

*3 7 0 41 56 29*21 SW by S I Fine.

2 0 56 57 29,24 SW 1 Fine.

7 0 4 i 5 6 29,42 SW by S I Foggy.

2 0 55 57 z 9*57 SW by S 1 Hazy.

*5 7 0 39 55 29,78 SW I Fine..

2 0 5 6 57 29*77 SW I Fine.

16 7 0 55 56 - 29*55 °* 3 I 5 WSW I Cloudy.
0 0 60 58 29,66) i WSW I Fine.

METE



[ ZII ]

METEOROLOGICAL JOUR

for O&ober 1787.
1

Time. Therm.
without

Therm.
within.

Barom.

•

Rain. Winds.

H. M. Inches. Inch. Points. Str.

Oct. 1

7

7 O 55 57 29>74 0,015 SW byW 1

2 0 56 55 29,72 SW byW I

18 7 O 46 56 29,64 0,105 SWbyW 1

2 0 55 57 29,67 SW byW 1

*9 7 0 42 56 29,72 SW byW 1

2 0 5 2 57 29,78 WSW 1

20 7 0 45 56 29,98 WSW 1

2 c 53 57 3°>°5 WSW 1

21 7 0 45 55 30 , *5 WNW 1

2 c 48 57 3°. *3 NNW 1

22 7 c 48 54 29,67 0,038 ssw 2

2 0 56 56 29>57 SSW 2

2 3 7 c 44 55 29,68 SW I

2 c 54 57 • 29,77 WSW I

24 7 0 41 55 29,90 SW I

2 0 5 2 56 29,72 SSW I

2 5
'7 c 44 55 29»79 0,223 SSW I

2 0 53 57 29.47 s
O
*4

26 7 0 47 56 29,60 0,284 WSW I

2 c 5 2 57 29,70 WSW I

2 7 7 c 57 56 29,61 0,090 SW by S I

2 0 59 60 29,72 SW by S I

28 7 c 58 58 29,90 0,130 S by W I

2 c 60 • 58 29,94 SSW I

2 9 7 c 53 58 3°>°3 SW I

2 c 58 60 3°>°7 SW I

3° 7 c 5^ 59 29,87 0,035 SW by S I

2 c 60 61 29,78 SW I

3 1 7 c 53 60 29.55 SSW I

2 c 58 62 29,42 SSW 2

N A L

Weather.

Cloudy.

Cloudy.

F°ggy*
Fine.

Fine.

Fine.

Fine.

Cloudy.

Cloudy.

Cloudy.

Rainy.

Fair.

Fine.

Cloudy.

Fine.

Rainy.

Cloudy1

.

Rainy.

Cloudy.

Cloudy,

Cloudy.

Cloudy.

Cloudy.

Cloudy.

Cloudy.

Rainy.

Cloudy.

Cloudy.

Fine.

Cloudy.
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METEOROLOGICAL JOURNAL
for November 1787.

Time. Therm.

without

Therm.
within.

Barom. Rain. Winds.

W'eather.

H. M. Inches. In,ch. Points. Str.

Nov. 1 7
0 49 61 29>39 0,020 SW 1 Hazy.

2 0 56 61 29,

3

8 SW 1 Fine.

2 7
0 45 59 29,38 0,195 SSE 1 Foggy.

0 0 5° 61 29,27 SSE 1 Cloudy.

3 7 0 40 58 29,55 0,268 NNE 2 Fine.

2 0 48 59 29,83 NNE 2 Fine.

4 7
0 36 56 29,96 SSE I Fine.

2 0 48 56 29,67 S 2 Cloudy.

5 7 0 42 55 29,58 °>I 35 SSE 2 Cloudy.

2 0 48 57 29,60 SSW 2 Fine.

6 7 0 48 57 29,55 WSW 2 Cloudy.
0 0 52 59 29,55 wsw 2 Fine.

7 7 0 43 56 29,61 WSW I Fine.

2 0 49 58 29,70 WSW I Fine.

8 7 0 47 5 6 29,54 SSE I Cloudy.

2 0 52 58 29,18 s 2 Rainy.

9 7 0 47 56 29,12 0,q0*SW byW 2 Fine.

2 0 53 58 29,48 w 2 Fine.

10 7 0 48 58 29,74 S by E I Fine.

2 0 54 60 29,71 S I Cloudy.

1

1

7 0 5 i 58 29,45 SSE I Cloudy.

2 0 58 60 29,33 SE by S I Fine.

12 7 0 49 57 29,42 0,080 S 2 Rainy.

2 0 53 58
1 29,48 SSE I Cloudy.

*3 7 0 43 58 29,48 ESE I Foggy.

2 0 54 59 29,60 E 2 Cloudy.

14 7 0 42 57 29,80 N I Fine.

• 2 0 43 58 29,80 NNW I Fine.

*5 7 0 38 56 29,97 N I Cloudy.

2 0 43 57 3°,01 N I Fine.

16 7 0 36 55 30,10 NNE I Fine.

0 0 43 57 30, 1

6

NNW I Fine.
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METEOROLOGICAL JOURNAL
for November 1787.

Time. Therm.
without

Therm.
within.

Barom. Rain. Winds

Weather.

H. M. Inches. Inch. Points. Str.

Nov. 17 7 0 4 i 55 30,1° NNW 1 Cloudy.

2 0 44 56 29,98 NNW 1 Cloudy.

18 7 0 36 54 29,84 NVV 1 Cloudy.

2 0 40 53 29*85 NW 1 Fine.

J 9 7 0 33 5 1 29,86 NWbyW 1 Cloudy.

2 0 40 53 29,62 W 1 Rainy.

20 7 0 34 5 r 29,68 o*337 NNW 1 Fine.

2 0 42 53 29*75 NNW I Fine.

21 7 0 32 50 30,00 N 1 Hazy.

2 0 40. 52 30,00 NW 1 Cloudy.

22 7 0 42 51 29,88 W 1 Cloudv.
J

2 0 44 54 29*74 wsw 1 Cloudy.

23 7 0 35 s* 29 * 7 1 w 1 Fine.

2 0 42 54 29.73 wsw 1 Cloudy.

24 7 0 33 52 29,82 wsw 1 Fine.

2* 0 39 53 29,9° wsw 1 Fine.

2 5 7 0 29 5 1 3°> 12 wsw 1 Fine.

2 0 33 52 3°> 16 wsw 1 Fine.

26 7 0 33 50 30,26 E 1 Fine.

2 0 39 52 30,28 ESE 1 Fine.

27 7 0 32 50 30,28 ESE 1 Fine.

2 0 36 5 1 30,28 ESE 1 Fine.

28 7 0 3° 48 30,28 ESE 1 Fine.

2 0 3^ 52 3°*3° E 1 Fine.

29 7 0 3 1 49 3°*45 E 1 Foggy.

2 0 36 5 i 3°*44 E 1 Fine.

3° 7 0 29 48 3° 38 E 1 Foggy.

2 0 36 3°>33 ESE 1 Fine.
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METE 0 R 0

for

L O G I C A

December 1

L JO

787.

U R N A L

Time. Therm. Therm. Barom, Rain. Winds.

without within.

Weather.

H. M. Inches. Inch. Points. jStr.

Dec. 1 8 0 34 48 3°> ! 7 SE 1 Fine.

2 0 42 5 r 30,12 SE 1 Cloudy.

2 8 0 39 5C 29»77 SE 1 Cloudy.

2 0 43 52 29.64 SSE 1 Rainy,

3 8 0 39 50 29.57 0,025 S by W f Fine.

2 0 46 52 29,60 S by W 1 Fine.

4 8 0 39 52 29.57 SW 1 Fine.

2 0 48 54 29,61 SW 1 Cloudy;

5 8 0 48 53 29.39 0,845 ssw 1 Rainy.

2 0 48 56 29,40 SW 1 Fair.

6 8 0 38 53 29,56 0,300 NNW 1 Cloudy,

2 0 46 55 29,67 NNW 1 Cloudy.
t-

/
8 0 37 53 29,88 NNW 1 Fine.

2 0 47 55 29,94 E 1 Cloudy.

8 8 0 45 54 29,94 0,130 SSE 1 Cloudy.

2 0 45 56 29,94 S 1 Cloudy.

9 8 0 53 55 29,71 0,440 SSW 2 Cloudy.

2 0 53 56 29,75 SW 2 Fine.

10 8 0 48 55 29,87 SSW I Fine.

2 0 50 56 29, 8 7 SSW I Fine.

I! 8 0 50 56 29,77 SSW I Cloudy.'

2 0 52 58 29,73 S by W I Fine.

12 8 0 48 56 29:47 S I Cloudy.

2 0 53 58 29,53 S I Cloudy.

*3 8 0 44 57 29,7° wsw I Cloudy.

2 0 52 58 29,75 w I Fine.

14 8 0 48 57 29,45 °» 1 95 s 2 lainy.

2 0 5 1 57 29,37 s I Fine.

*5 8 0 47 58 29,38 0,040 w I Foggy.

2 0 48 59 29,39 SW I Cloudy,

16 8 0 46 58 29,45 °,345 w I Cloudy.

2 0 48 59 29 , 56 w I Cloudy.

METE-
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for December 1787.

Time. Therm.
without

Therm.
within.

Barom. Ram. Wind,

Weather.
H. M. Inches, Inch. Points. Str.

Dec. 17 8 0 42 57 29>53 0,038 E I Cloudy.

2 0 45 57 29>43 E 1 Cloudy.

18 8 0 47 58 29»33 0,073 S I Rainy.

2 0 5° 57 29 , 3° S 1 Cloudy.

19 8 0 46 57 29A7 0,060 s I Cloudy.

2 0 45 57 29,46 s I Cloudy.

20 8 0 45 55 29 > 38 0,100 ssw I F°ggy-
2 0 47 58 29*38 wsw 1 Foggy.

21 8 0 38 55 29,76 NE I Cloudy.

2 0 40 55 29,78 NE 1 Cloudy,

22 8 0 35 54 29,7° ENE 1 Cloudy.

2 0 3 * 55 29> 6 5 E 1 Cloudy..

23 8 0 3 1 52 29.55 ' NE 1 Fine.

2 0 35 54 29,49 NE 1 Fine.

24 8 0 3° 5° 29.35 ENE I Snow.

2 0 32 53 29.30 NE 2 Snow.

25 8 0 32 50 29,21 N 2 Snow.

2 0 33 5 1 29.33 N 2 Snow.

26 8 0 3 1 49 29.56 W I Cloudy.

2 0 35 5 i 29,64 WSW I Cloudy.

27 8 0 35 49 29,96 NW I Cloudy.

2 0 37 52 3°’ x 3 NNW I Fine.

28 8 0 32 48 3°,4° N 1 Cloudy.

2 0 36 52 30,40 N I Cloudy,

29 8 0 34 49 30.24 ESE I Fine.

2 0 37 5 i E I Cloudy.

3° 8 0 37 48 29.91 0,409 E I Foggy.

2 0 37 48 29,90 E I Foggy.

3 1 8 0 37 46 3°’°4 ESE I Foggy.

2 0 39 50 30,06 ESE I Foggy.

1787
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Thermometer
without.

Thermometer
within.

Barometer. Rain.

1

37S7

, i.j
•

v
« ~£o
u 'u

0 -

! j
T? -G
3 .«!>

<Li

|-

! „ j
i

_ r~;

• fr 0/50 11.4

P
^ ti

g ;5P
-1 jj

•—1

f r*

3 O/) Greateil

height. trs OjO

•3 2

•

^ x;

Inches.

January
0

51

O

27
0

39

0

54
O

45 49 l

Inches.

3°>64

Inches.

29,52

Inches.

30,08 0,360

February 53 3 1 42 56
1

5° 53 3°> 3 ^ 28,67 2 9>5' i,04 1

March 5 6 3+ 45 58 5 1 ! 54l 3°» 5 I 29>°3 2 9>7 7 1,283

April 58 37 471 58 53 55 i 30,48 29,07 2 9,77 0,923

May 7 i 39 55 64 53 581 S0^ 1 29 » 33 29,82 I » I 37

June 77 46 6iJ 67 59 6 3 3°» 2 9 2 9»55 29,92 0,662

July 78 5 i 64I 7 1 6 3 67 30,38 29,37 29,87 3,246

Augull S 3 i 48 65I 73 62 671 3°.40 29,25 29,82 1,17 1

September 68 46 57 64 61 622 3°,45 29,11 29,78 0,990

October 63 39 5 1 62 54 58 30,15 29,21 29,68 1,818

November 56 2 9 42f
Ik

61 48 54i 30,45 29,12 29,78 i,34o

December 53 30 4 ll 59 46 5 2 * 30,40 29,21 29,80 3,000

Whole year 51 58
i

29,80 16,971

E X P L A-
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EXPLANATION OF THE INSTRUMENTS.

The inftruments with which the foregoing obfervations were

made are the fame that were ufed in former obfervations of

this kind, a full account of which was given by Henry
Cavendish, Efq. F. R. S. in the LXVJth Volume of the

Philofophical Tranfadti'ons ; but as they have been moved from

the fituations they had at that time, it may not be amifs to men-

tion how they are placed now, in order the better to fhew

what degree of accuracy may be expected from them. There

being no one lltuation for a thermometer out of doors fo good

as could be wilhed, it became necefifary to make ufe of

two thermometers ; each is placed out of a three-pair of-

ftairs window, one facing E.N.E. and the other W.S.W.

and they ftand about two or three inches from the wall,

that they may be the more expofed to the air, and the lefs

affefted by the heat and cold of the houfe. As the fun fhines

on theeaftern part of the building in the morning, the thermo-

meter to the wefhvard is made life of for the morning obfer-

vation during that feafon of the year when the fun rifes high

enough to affedt the other ; for all other obfervations, that to

the eaftward is employed. Neither the building oppofite, nor

that on the fouth fide of the thermometer to the eafi:, are

elevated above it in an angle of more than if ;
but the oppofite

building is not more than twenty- five feet diftant. The

thermometer to the weftward will not be aftedfed by any othei

building than one to the northward, which is elevated above

it in an angle of 20°, and which is only twenty feet diftant.

Vol. LXXVIII. F f The
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The thermometer within doors is placed clofe to the barometer,

the heights of which it is intended chiefly to correct ; the

windows of the room in which they are kept look to the wcfl-

ward, and in winter the room has con flan tly a fire in it.

The vefifel which receives the rain is fixed to a chimney at

the top of the houfe, and rifes fix inches above t he chimney

;

it is not fcreened from the rain by any building or cnimnies,

there being none higher than that to which it is fixed.

II N D GF FART I. OF VOL* LXXVIII.
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PHILOSOPHICAL

TRA NS A CTIONS.

I

XIV. Obfervations on the Natural Hlflory of the Cuckoo. By

Mr. Edward Jenner. In a Letter to John Hunter, Ff,

F. R . S.

Read March 13, 1788.

TO JOHN HUNTER, ESC^

DEAR SIR,

HAVING, at your requeft, employed fome of my leifure

hours in attending to the natural hiftory of the Cuckoo,

I beg leave to lay before you the refult of my obfervations,

Vol. LXXVIII. H h with
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with a hope that they may tend to illuftrate a fubjeft hitherto

not fufficiently inveftigated ; and Ihould what is here offered

prove, in your opinion, deferving the attention of the Royal

Society, you will do me the honour of prefenting it to that

learned Body.

The firft appearance of Cuckoos in Gloucefferlhire (the part

of England where thefe obfervations were made) is about the

17th of April. The fong of the male, which is well known*

foon proclaims its arrival. The fong of the female (if the

peculiar notes of which it is compofed may be fo called) is

widely different, and has been fo little attended to, that I be-

lieve few are acquainted with it. I know not how to convey

to you a proper idea of it by a comparifon with the notes of

any other bird ; but the cry of the Dab- chick bears the neareffc

refemblance to it.

Unlike the generality of birds, Cuckoos do not pair. When
a female appears on the wing, fhe is often attended by two or

three males, who feem to be earneftly contending for her

favours. From the time of her appearance, till after the mid-

dle of fummer, the nefts of the birds felefled to receive her

egg are to be found in great abundance ; but, like the other

migrating birds, the does not begin to lay till fome weeks after

her arrival. I never could procure an egg till after the middle

of May, though probably an early- coming Cuckoo may pro-

duce one fooner *.

* What is meant by an early-coming Cuckoo, I fhall more fully expiain in a

Paper I intend to lay before you on the Migration of Birds j
but it may be

neceflary to mention here, that migrating birds of the fame fpecies arrive and

depart in fucceifion. Cuckoos, for example, appear in greater numbers on the

thefecond than on the week of their arrival, and they difappcar in the fame

gradual manner,.

The
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The Cuckoo makes choice of the nefts of a great variety of

fmall birds. I have known its egg intruded to the care of the

Hedge-fparrow, the Water-wagtail, the Titlark, the Yellow-

hammer, the green Linnet, and the Whinchat. Among
thefe it generally feledts the three former ; but fhews a much
greater partiality to the Hedge-lparrow than to any of the reft :

therefore, for the purpofe of avoiding confufion, this bird only,

in the following account, will be confidered as the fofter-parent

of the Cuckoo, except in inftances which are particularly fpe-

» cified.

The Hedge-fparrow commonly takes up four or five days in

laying her eggs. During this time (generally after fhe has laid

one or two) the Cuckoo contrives to depofit her egg among the

reft, leaving the future care of it entirely to the Hedge-fpar-

row. This intrufion often occaftons fome difcompofure ; for

the old Hedge-fparrow at intervals, whilft (lie is fitting, not

unfrequently throws out fome of her own eggs, and fome-

times injures them in fuch a way that they become addle; fo

that it more frequently happens, that only two or three Hedge-

fparrow’s eggs are hatched with the Cuckoo’s than otherwife :

but whether this be the cafe or not, fhe fits the fame length of

time as if no foreign egg had been introduced, the Cuckoo’s

egg requiring no longer incubation than her own. However, I

have never feen an inftance where the Hedge-fparrow has

either thrown out or injured the egg of the Cuckoo.

When the Hedge-fparrow has lat her ulual time, and difen-

gaged the young Cuckoo and fome of her own offspring from

the (hell *, her own young ones, and any of her eggs that

remain unhatched, are foon turned out, the young Cuckoo

remaining pofleflor of the neft, and foie objeft of her future

* The young Cuckoo is commonly hatched firft,

Hh 2 care.
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care. The young birds are not previoufly killed, nor are the

eggs demolifhed ; but all are left to perifh together, either en-

tangled about the bufh which contains the neff, or lying on

the ground under it.

The early fate of the young Hedge-fparrows is a circum-

ftance that has been noticed by others, but attributed to wrong

caufes. A variety of conjectures have been formed upon it.

Some have luppofed the parent Cuckoo the author of their de-

ftruCtion ; while others, as erroneoufiy, have pronounced them

fmothered by the difproportionate fize of their fellow-neftling.

Now the Cuckoo’s egg being not much larger than the Hedge-

fparrow’s (as I fhall more fully point out hereafter) it neceffa-

rily follows, that at firft there can be no great difference in

the fize of the birds juft burft from the fhell. Of the fallacy

of the former affertion alfo I was fome years ago convinced, by

having found that many Cuckoo’s eggs were hatched in the

nefts of other birds after the old Cuckoo had difappeared ; and

by feeing the fame fate then attend the nettling fparrows as

during the appearance of old Cuckoos in this country. But,

before I proceed to the faCts relating to the death of the young

Sparrows, it will be proper to lay before you fome examples of

the incubation of the egg, and the rearing of the young

Cuckoo ; fince even, the well known fa£t, that this bufinefs is

intruded to the care of other birds, has been controverted by

an Author who has lately written on this fubject * ; and fince,

as it is a faCt fo much out of the ordinary courfe of nature, it

may flill probably be difbelieved by others.

* The Hon. Daines Barrington.

EXAMPLE
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EXAMPLE I.

The Titlark is frequently felefted by the Cuckoo to take

charge of its young one ; but as it is a bird lefs familiar than

many that I have mentioned, its neft is not lo often difco-

vered. I have, neverthelefs, had feveral Cuckoo’s eggs brought

to me that were found in Titlark’s nefts ; and had one oppor-

tunity of feeing the young Cuckoo in the neft of this bird : I

faw the old birds feed it repeatedly, and, to fatisfv mvfelf that

they were really Titlarks, fhot them both, and found them to*

be fo.

example ir.

A Cuckoo laid her egg in a Water- wagtail’s neft in the

thatch of an old cottage. The Wagtail fat her ufual time,

and then hatched all the eggs but one ; which, with all the

young ones, except the Cuckoo, was turned out of the neft.

The young birds, confiding of five, were found upon a rafter

that projected from under the thatch, and with them was the

egg, not in the lead: injured. On examining the egg, 1 found

the young Wagtail it contained quite perfect, and juft in fuch

a ftate as birds are when ready to be difengaged from the ftiell.

The Cuckoo was reared by the Wagtails till it was nearly

capable of flying, when it was killed by an accident;

EXAMPLE in.

A Hedge-fparrow built her neft in a hawthorn bufh in' a

timber-yard : after fhe had laid two eggs, a Cuckoo dropped in

a third.
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a third. The Sparrow continued laying, as if nothing had

happened, till (lie had laid five, her ufual number, and then

hit.

June 20, 1786. On infpe&ing the neft I found, that the

bird had hatched this morning, and that every thing but the

young Cuckoo was thrown out. Under the neft I found one

of the young Hedge* fparrows dead, and one egg by the fide of

the neft entangled with the coarfe woody materials that formed

its outfide covering. On examining the egg, I found one end

of the fhell a little cracked, and could fee that the Sparrow it

contained was yet alive. It was then reftored to the neft, but

in a few minutes was thrown out. The egg being again fuf-

pended by the outfide of the neft, was faved a fecond time from

breaking. To fee what would happen if the Cuckoo was

removed, I took out the Cuckoo, and placed the egg contain-

ing the Hedge-fparrow in the neft in its ftead. The old birds,

during this time, flew about the fpot, fhewing figns of great

anxiety ; but when I withdrew, they quickly came to the neft

again. On looking into it in a quarter of an hour afterwards,

1 found the young one completely hatched, warm and lively.

The Hedge-fparrows were buffered to remain undifturbed with

their new charge for three hours (during which time they paid

every attention to it) when the Cuckoo was again put into the

neft. The old Sparrows had been fo much difturbed by thefe

intrufions, that for fome time they fhewed an unwillingnefs to

come to it : however, at length they came, and on examining

the neft again in a few minutes, I found the young Sparrow

was tumbled out. It was a fecond time reftored, but again ex-

perienced the fame fate.

From thefe experiments, and fuppofing, from the feeble ap-

pearance of the young Cuckoo juft difengaged from the fhell,

3 that
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that it was utterly incapable of difplacing either the egg or the

young Sparrows, I was induced to believe, that the old Spar-

rows were the only agents in this feeming unnatural bufinefs

;

but I afterwards clearly perceived the caufe of this ftrange phae-

nomenon, by diicovering the young Cuckoo in the a<ft of dif-

placing its fellow-neftlmgs, as the following relation will fully

evince.

June 18, 1787, I examined the neft of a Hedge-fparrow,

which then contained a Cuckoo’s and three Hedge-fparrow’s

eggs. On infpefting it the day following, I found the bird had

hatched, but that the neft now contained only a young Cuckoo

and one young Hedge-lparrow. The neft was placed fo near

the extremity of a hedge, that I could diftimftly lee what was

going forward in it; and, to my aftonifhment, faw the young

Cuckoo, though fo newly hatched, in the a<ft of turning out

the young Hedge-fparrow.

The mode of accomplilhing this was very curious. The
little animal, with the afliitance of its rump and wings, con-

trived to get the bird upon its back, and making a lodgement

for the burden by elevating its elbows, clambered backward

with it up the fide of the neft till it reached the top, where

refting for a moment, it threw off its load with a jerk, and

quite difengaged it from the neft. It remained in this fituation

a fhort time, feeling about with the extremities of its wings,

as if to be convinced whether the bufinefs was properly exe-

cuted, and then dropped into the neft again. With thefe (the

extremities of its wings) I have often leen it examine, as it

were, an egg and neftling before it began its operations ; and

the nice fenlibility which thefe parts appeared to poflefs feemed

fufficiently to compenfate the want of fight, which as yet it

was deftitute of. I afterwards put in an egg, and this, by -a

fimilar
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fimilar procefs, was conveyed to the edge of the neft, and

thrown out. Thefe experiments I have fmce repeated feveral

times in different nefts, and have always found the young

Cuckoo difpofed to act in the fame manner. In climbing lip

the ne ft, it fometimes drops its burden, and thus is foiled in

its endeavours ; but, after a little refpite, the work is re-

fumed, and goes on almoft inceftantly till it is effected. It is

wonderful to fee the extraordinary exertions of the young

Cuckoo, when it is two or three days old, if a bird be put

into the neft with it that is too weighty for it to lift out. In

this Hate it feems ever reftlefs and uneafy. But this difpofi-

tion for turning out its companions begins to decline from the

time it is two or three till it is about twelve days old, when,

as far as I have hitherto feen, it ceafes. Indeed, the difpoft-

tion for throwing out the egg appears to ceafe a few days

fooner ; for I have frequently feen the young Cuckoo, after it

had been hatched nine or ten days, remove a nettling that had

been placed in the neft with it, when it fuffered an egg, put

there at the fame time, to remain unmolefted. The lingu-

larity of its fhape is well adapted to thefe purpofes ; for, dif-

ferent from other newly-hatched birds, its back from the Jca-

pula downwards is very broad, with a confiderable depreftion

in the middle. This depreftion feems formed by nature for

the deiign of giving a more fecure lodgement to the egg of

the Hedge-fparrow, or its young one, when the young Cuckoo

is employed in removing either of them from the neft. When
it is about twelve days old, this cavity is quite filled up, and

then the back affumes the fhape of nettling birds in general.

Having found that the old Hedge-fparrow commonly throws

out feme of her own eggs after her neft has received the

Cuckoo’s, and not knowing how (he might treat her young

2 ones,
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ones if the young Cuckoo was deprived of the power of dif-

poffefling them of the neft, I made the following experiment.

July 9. A young Cuckoo, that had been hatched by a

Hedge-fparrow about four hours, was confined in the neft in

fuch a manner that it could not poffibly turn out the young
Hedge-fparrows which were hatched at the fame time, though
it was almoft inceflantly making attempts to effedt it. The
confequence was, the old birds fed the whole alike, and ap-

peared in every refpedt to pay the fame attention to their own
young as to the young Cuckoo, until the 13th, when the neft

was unfortunately plundered.

The fmallnefs of the Cuckoo’s egg in proportion to the fize of

the bird is a circumftance that hitherto, I believe, has efcaped the

notice of the ornithologift. So great is the difproportion, that

k is in general fmaller than that of the Houfe-fparrow

;

whereas the difference in the fize of the birds is nearly as five

to one. I have ufed the term in general, becaufe eggs produced

at different times by the fame bird vary very much in fize.

I have found a Cuckoo’s egg fo light that it weighed only

forty-three grains, and one fo heavy that it weighed fifty-five

grains. The colour of the Cuckoo’s eggs is extremely varia-

ble. Some, both in ground and penciling, very much refemble

the Houfe-fparrow’s ; fome are indiftindUy covered with bran-

coloured fpots ; and others are marked with lines of black,

refembling, in fome meafure, the eggs of the Yellow-hammer.

The circumftance of the young Cuckoo’s being deftined by

nature to throw out the young Hedge-fparrows, feems to ac-

count for the parent-cuckoo’s dropping her egg in the nefts of

birds fo fmall as thofe I have particularifed. If fhe were to do

this in the neft of a bird which produced a large egg, and

confequently a large neftling, the young Cuckoo would pro-

Vol. LXXVII 1 . I i bably
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bably find an infurmountable difficulty in folely poflefling the

neft, as its exertions would be unequal to the labour of turn-

ing out the young birds Befides, though many of the

larger birds might have fed the neftling Cuckoo very properly,

had it been committed to their charge, yet they could not have

buffered their own young to have been facrificed, for the accom-

modation of the Cuckoo, in fuch great number as the fmaller

ones, which are fo much more abundant ; for though it would

be a vain attempt to calculate the numbers of neftlings de-

ftroyed by means of the Cuckoo, yet the flighteft obfervation

would be fufficient to convince us that they muft be very

large.

Here it may be remarked, that though nature permits the

young Cuckoo to make this great wafte, yet the animals thus

deftroyed are not thrown away or rendered ufelefs. At the fea-

fon when this happens, great numbers of tender quadrupeds

and reptiles are feeking provifion ; and if they find the callow

neftlings which have fallen victims to the young Cuckoo, they

are furnifhed with food well adapted to their peculiar ftate.

It appears a little extraordinary, that two Cuckoo’s eggs

fhould ever be depofited in the fame neft, as the young one

produced from one of them muft inevitably perifh
;
yet I have

known two inftances of this kind, one of which I fhall

relate.

* I have known an inftance in which a Hedge-fparrow fat upon a Cuckoo’s egg

and one of her own. Her own egg was hatched five days before the Cuckoo’s,

when the young Hedge-fparrow had gained fuch a fuperiority in fize that the

young Cuckoo had not powers fufficient to lift it out of the neft till it was two

days old, by which time it was grown very confiderably. This egg was probably

laid by the Cuckoo feveral days after the Hedge-fparrow had begun to lit; and

even in this cafe it appears, that its prefence had created the diftiubance before,

alluded to, as all the Hedge-fparrow’s eggs were gone except one.

June



natural Hijlory of the Cuckoo. 229

June 27, 1787. Two Cuckoos and a Hedge-fparrow were

Latched in the fame nefl this morning ; one Hedge-fparrow’s

egg remained unhatched. In a few hours after, a contell be-

gan between the Cuckoos for the poffeffion of the nefl, which

continued undetermined till the next afternoon ; when one of

them, which was fomewhat fuperior in fze, turned out the

other, together with the young Hedge-fparrow and the un-

hatched egg. This contefl was very remarkable. The com-

batants alternately appeared to have the advantage, as each car-

ried the other feveral times nearly to the top of the nefl, and

then funk down again, oppreffed by the weight of its burden ;

till at length, after various efforts, the flrongefl prevailed, and

was afterwards brought up by the Hedge-fparrows.

I come now, Sir, to confider the principal matter that has

agitated the mind of the naturalifl refpe&ing the Cuckoo

:

why, like other birds
,

itfjould not build a ncf ,
Incubate its eggs,

and rear its own young?

There is certainly no reafon to be affigned from the forma-

tion of this bird why, in common with others, it fhould not

perform all thefe feveral offices ; for it is in every refpeCt per-

fectly formed for collecting materials and building a neft. Nei-

ther its external ffiape nor internal ftruCture prevent it from

incubation ; nor is it by any means incapacitated from bringing

food to its young. It would be needlefs to enumerate the

various opinions of authors on this fubjeCt from Aristotle to

the prefent time. Thole of the ancients appear to be either

vifionary, or erroneous ; and the attempts of the moderns

towards its inveftigation have been confined within very narrow

limits; for they have gone but little farther in their refearches

than to examine the conftitution and ftruCture of the bird, and

I i 2 having
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having found it pofleflfed of a capacious ftomach with a thin

external covering, concluded that the preflure upon this part,

in a fitting pofture, prevented incubation. They have not

confidered that many of the birds which incubate have fto-

machs analogous to thofe of Cuckoos : the ftomach of the

Owl, for example, is proportion ably capacious, and is almoft

as thinly covered with external integuments. Nor have they

confidered, that the fiomachs of nefilings are always much

diftended with food ; and that this very part, during the whole

time of their confinement to the neft, fupports, in a great

degree, the weight of the whole body ; whereas, in a fitting

bird, it is not nearly fo much prefled upon ; for the breaft in

that cafe fills up chiefly the cavity of the neft, for which pur-

pofe, from its natural convexity, it is admirably well fitted.

Thefe obfervations, I prefume, may be fufficient to fhew

that the Cuckoo is not rendered incapable of fitting through a

peculiarity either in the fituation or formation of the ftomach

;

yet, as a proof ftill more decifive, I Ihall lay before you the

following fadt.

In the fummerof the year 1786 ,

1

faw, in the neft of a Hedge-

fparrow, a Cuckoo, which, from its fize and plumage, appeared

to be nearly a fortnight old. On lifting it up in the neft, I

obferved two Hedge-fparrow’s eggs under it. At firft I fup-

pofed them part of the number which had been fat upon by

the Hedge-fparrow with the Cuckoo’s egg, and that they had

become addle, as birds frequently fufter fuch eggs to remain in

their nefts with their young ; but on breaking one of them I

found it contained a living foetus ; fo that of courfe thefe eggs

rauft have been laid feveral days after the Cuckoo was hatched,

as the latter now completely filled up the neft, and was by

2 this
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this peculiar incident performing the part of a fitting-

bird *.

Having under my infpedtion, in another Hedge-fparrow’s

neft, a young Cuckoo, about the fame fze as the former, I

procured two Wagtail’s eggs which had been fat upon a few

days, and had them immediately conveyed to the fpot, and

placed under the Cuckoo. hi the ninth day after the eggs

had been in tins filiation, the perfon appointed to fuperintend

the neft (as it was fome distance from the place of my resi-

dence) came to inform me, that the Wagtails were hatched.

On going to the place, and examining the neft, 1 found

nothing in it but the Cuckoo and the (hells of the Wagtail’s

eggs. The fa£t, therefore, of the birds being hatched, I do

not give you as coming immediately under my own eye ; but

the teftimony of the perfon appointed to watch the neft was

corroborated by that of another witnefs.

To what caufe then may we attribute the Singularities of

the Cuckoo ? May they not be owing to the following circum-

fiances ? The fort refidence this bird is allowed to make in the

country whtrc it is icjlined to propagate its fpecies ,
and the call

that nature has upon it
,
during that fort refidence , to produce a

numerous progeny. The Cuckoo’s f rft appearance here is about

the middle of April, commonly on the 17th. Its egg is not

ready for incubation till fome weeks after its arrival, feldom

before the middle of May. A fortnight is taken up by

the Sitting bird in hatching the egg. The young bird gene-

rally continues three weeks in the neft before it flies, and the

* At this tune I was unacquainted with the fact, that the young Cuckoo

turned out the eggs of the Hedge-fparrow
;
but it is reafonable to conclude,

that it had loft the difpofition for doing this when thefe eggs were depoftted in

the neft.

fofter- -
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fofter-parents feed it more than five weeks after this period

;

fo that, if a Cuckoo fhould be ready with an egg much fooner

than the time pointed out, not a fugle nettling, even one of

the earlieft, would be fit to provide for itfelf before its parent

would be inftindtively directed to feek a new refidence, and be

thus compelled to abandon its young one; for old Cuckoos

take their final leave of this country the firfl week in July.

Had nature allowed the Cuckoo to have ftaid here as long

as fome other migrating birds, which produce a fugle let of

young ones (as the Swift or Nightingale, for example), and had

allowed her to have reared as large a number as any bird is

capable of bringing up at one time, thefe might not have been

fufficient to have anfwered her purpofe; but by fending the

Cuckoo from one neft to another, (he is reduced to the lame

Ifate as the bird whofe neft we daily rob of an egg, in which

cafe the ftimulus for incubation is fufpended. Of tins we have

a familiar example in the common domeftic fowl. That the

Cuckoo actually lays a great number of eggs, difl'eftion feems

to prove very decifively. Upon a companion I had an oppor-

tunity of making between the ovarium, or racemus vitellorum,-

•of a female Cuckoo, killed juft as fhe had begun to lay, and of

a pullet killed in the fame ftate, no eftential difference ap-

peared. Tiie uterus of each contained an egg perfectly formed,

and ready for exclusion ; and the ovarium exhibited a large

clufter of eggs gradually advanced from a very diminutive lize,

to the greateft the yolk acquires before it is received into the

oviduct. The appearance of one killed on the third of July

was very different. In this I could diftindtly trace a great

number of the membranes which had difeharged yolks into

the oviduft
; and one of them appeared as if it had parted

with a yolk the preceding day. The ovarium ft ill exhibited a

cl u tier
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clufter of enlarged eggs; but the mod forward of them was

fcarcely larger than a milliard- feed.

I would not be underflood, Sir, to advance that every egg

which fwelis in the ovarium at the approach or commence-

ment of the propagating leafon is brought to perfection ; but

it appears clearly, that a bird, in obedience to the dictates of

her own will, or to fome hidden caufe in the animal ceconomy,

can either retard or bring forward her eggs. Befides the exam-

ple of the common fowl above alluded to, many others occur.

If you deflroy the nefl of a Blackbird, a Robin, or almoft any

fmall bird, in the fpring, when fhe has laid her ufual number

of eggs, it is well known to every one, who has paid any

attention to enquiries of this kind, in how fhort a fpace of

time fhe will produce a frefli fet. Now, had the bird been

fnffered to have proceeded without interruption in her natural

courfe, the eggs would have been hatched, and the young

ones brought to a Bate capable of providing for themfelves,

before (he would have been induced to make another nefl, and

excited to produce another fet of eggs from the ovarium. If

the bird had been deftroyed at the time fine was fitting on her

fir ft laying of eggs, difleclion would have (hewn the ovarium

containing; a great number in an enlarged Ante, and advancing:

in the ufual progrefftve order. Hence it plainly appears, that

birds can keep back or bring forward (under certain limita-

tions) their eggs at any time during the feafon appointed for

them to lay ; but the Cuckoo, not being fubje6t to the

common interruptions, goes on laying from the time fhe

begins, till the eve of her departure from this country : for

although old Cuckoos in general take their leave the frfl week

in July (and I never could fee one after the 5th day of that

1 month *),
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month *), yet I have known an inftance of an egg’s being

hatched in the neft of a Hedge-fparrow fo late as the 15th.

And a farther proof of their continuing to lay till the time of

their leaving us may, I think, be fairly deduced from the ap-

pearances on difte6tioii of the female Cuckoo above-mentioned,

killed on the 3d of July.

Among the many peculiarities of the young Cuckoo, there

is one that (hews itfelf very early. Long before it leaves the

neft, it frequently, when irritated, aftumes the manner of a

bird of prey, looks ferocious, throws itfelf back, and pecks at

any thing prelented to it with great vehemence, often at the

lame time making a chuckling noife like a young hawk.

Sometimes, when difturbed in a -fmaller degree, it makes a

kind of hiding noife, accompanied with a heaving motion of

the whole body f* The growth of the young Cuckoo is un-

commonly rapid.

The chirp is plaintive, like that of the Hedge-fparrow; but

the found is not acquired from the fofter-parent, as it is the

fame whether it be reared by the Hedge-fparrow, or any other

bird.

It never acquires the adult note during its ftay in this

country.

The ftomachs of young Cuckoos contain a great variety of

food. On differing one that was brought up by Wagtails,
% •

* Though I am unacquainted with an inftance, yet I conceive it poffible,

that here and there a {haggling Cuckoo may be feen after this time.

+ Young animals, being deprived of other modes of defence, are probably

endowed with the powers of exciting fear in their common enemies. If you

.but {lightly touch the young Hedge-hog, for inftance, before it becomes fully

armed with its prickly coat, the little animal jumps up with a hidden fpring, and

imitates very clofcly the found of the word bujb ! as we pronounce it in a loud

whifper. This dilpofition is apparent in many other animals.

and
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and fed by them at the time it was fhot (though it was nearly

of the fize and fulnefs of plumage of the parent-bird) I found

in its ftomach the following fubflances.

Flies and Beetles of various kinds.

Small Snails, with their fhells unbroken.

Gralhoppers.

Caterpillars.

Part of a Horfe-bean.

A vegetable fubflance refembling bits of tough grafs, rolled

into a ball.

The feeds of a vegetable that refembled thofe of the goofe»

grafs.

In the flomach of one fed by Hedge-fparrows, the contents

were almotl entirely vegetable ; lucli as wheat, fmall vetches,

&c. But this was the only inftance of the kind I had ever

feen. as thefe birds, in general, feed the young Cuckoo with

fcarcely any thing but animal food. However, it ferved to

clear up a point which before had fomewhat puzzled me ; for

having found the Cuckoo’s egg in the nefl of a green linnet,

which begins very early to feed its young with vegetable food,

I was apprehenfive, till I faw this faft, that this bird would

have been an unfit fofler- parent for the young Cuckoo.

The Titlark, I obferve, feeds it principally with Graf-

hoppsrs.

But the mofl lingular fubflance, fo often met with in the Ho-

rn achs of young Cuckoos, is a ball of hair curioufly wound

up. I have found it of various fizes, from that of a pea to

that of a fmall nutmeg. It feems to be compofed chiefly of

Horfe-hairs, and from the refemblance it bears to the infide

covering of the nefl, I conceive the bird fwallows it while a

nettling. In the ftomachs of old Cuckoos I have often feen

Vol. LXXVI1I. K k tnafFes
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mattes of hair ; but tbefe had evidently once formed a part of

the hairy Caterpillar, which the Cuckoo often takes for its

food.

There feems to be no precife time fixed for the departure of

young Cuckoos. I believe they go off in fueceflion, probably

as foon as they are capable of taking care of themfelves ;
for

although they ftay here till they become nearly equal in fize

and growth of plumage to the old -Cuckoo, yet in this very

{bate the foftering care of the Hedge-fparrow is not with-

drawn from them. I have frequently feen the young Cuckoo

of fucli a fize that the Hedge-fparrow has perched on its back,

or half-expanded wing, in order to gain fufficient elevation to

put the food into its mouth. At this advanced ftage, I believe

that young Cuckoos procure fome food for themfelves ; like

the young rook, for inftance, which in part feeds itfelf, and is

partly fed by the old ones till the approach of the pairing fea-

fon. If they did not go off in fueceflion, it is probable we

fhould fee them in large numbers by the middle of Auguftj

for as they are to be found in great plenty *, when in a nettling

ftate, they muft now appear very numerous, fince all of them

mull have quitted the nett before this time. But this is not

the cafe ; for they are not more numerous at any feafon tham

the parent birds are in the months of May and June..

The fame inftin&ive impulfe which dire&s the Cuckoo to»

depofit her eggs in the nefts of other birds, diredts her young

one to throw out the egg3 and young of the owner of the nett.

The fcheme of nature would be incomplete without it; for it

would be extremely difficult, if not impoftible, for the little*

birds, dettined to find fuccour for the Cuckoo, to find it alfo

* I have known four young Cuckoos in the nefts of Hedge-fparrows in a

fmall paddock at the fame time.

for
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for their own young ones, after a certain period ; nor would

there be room for the whole to inhabit the neft.

Thus, Sir, I have, with much pleafure, complied with your

requeft ; and here lay before you fuch obfervations as 1 have

hitherto been capable of making on the natural hiftory of the

Cuckoo ; and lhould they throw fome light on a fubjedt that

has long lain hid in obfcurity, I fhall not think my time has

been ill employed.

With a grateful fenfe of the many obligations I owe to the

friendfhip with which you have fo long honoured me,

I remain, &c.

EDW. JENNER.
Berkeley,

December 27, 1787.

Kk 2
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XV. Of the Temperament of thofe mujical Injlruments
,

in which

the Tones, Keys ,
or Frets,

are fixed,
as in the Harpfichord>

Organ
,
Guitar

,
&c. Mr. Tiberius Cavallo, F.R.S,

Head April 3, 1788.

r~jpHE fcale of mufic, which is tifed at prefent, confifls of

feven principal notes or founds, which muficians denote

by the letters of the alphabet A, B, C, D, E, F, and G ;

which, together with fome intermediate ones, commonly called

flats and fharps, and the oflave of the firfl, make 13 founds.

When thofe founds are confidered with refpeef to the firfl:,

they are called by the following names, viz. the prime or key-

note, the fecond minor, fecond, third minor, third major,

fourth, fourth major, fifth, fixth minor, fixth major, feventh

minor, feventh major, and oftave.

Muiical founds are produced by the vibrations of the fono-

rous bodies, and they are acuter or graver as the vibrations

performed in a given time are more or lefs in number; fo that

if a ftring vibrating 100 times in a fecond produces a certain

found, and another firing vibrating 120 times in a fecond

produces another found, the latter is faid to be acuter, higher,

or (harper than the former.

The number of vibrations performed in a certain time prin-

cipally depends on the thicknefs, length, and elafticity of the

fonorous bodies ; but as the AmpleA fonorous bodies, and the

fitted for examination, are thofe firings which are equal in every

3 other
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other refpefl, excepting in their lengths, becaufe the number
of vibrations, which they perform in a given time, is (imply

in the proportion of their lengths, we (hall confider only thofe

in the prefent invefligation, the number of vibrations per-

formed by other lorts of fonorous bodies being eafily deduced

from them.

As the above-mentioned 13 founds are all different from

each other, the firings which produce them differ in length,

and of courfe in the number of the vibrations, which, when
flruck, they perform in a certain time. Here follow the pro-

portions which the numbers of vibrations performed in a given

time, or the length of the firings which exprefs thofe 13

founds, bear to the firfl, prime, or key-npte.

Firfl 1

Second minor 44-

Second 4
Third minor 4
Third major 4

Fourth 2.
4*

Fourth major 44
Fifth 4
Sixth minor 4
Sixth major 4

Seventh minor JL

Seventh major -j
8

..

Octave 4

If, inftead of many firings having thofe lengths in order to

exprefs the 13 founds, or notes of an o&ave, one firing be

divided according to thofe proportions, and this firing be flopped

confecutively in the different points or divisions
; on being

flruck, it will exprefs the correfponding founds. Thus, if a firing

flretched between two fixed points, as CZ fig. 1. Tab. III. be

flruck, it will produce a found called the prime, firfl or key-note ;

if it be flopped in the middle, one-half of the firing will found

the odtave, its length, compared to that of the whole firing,

being in the proportion of 2 to 1 ; if twm-thirds of the firing

be caufed to vibrate, the found produced will be the fifth, its

length.
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length, compared to that of the whole firing, being as 2 to

3, and fo qf the reft.

The higheft found of the oftave is exprefltd by the half of

the firing ; and if this half be divided again in the fame man-

ner or proportion, a higher o6tave will be obtained, the higheft

note of which will be exprefied by a quarter of the original

firing. This quarter may be divided again into a higher

odtave, and fo on ; therefore, a firing fo divided may exprefs

the founds of all the keys of an harpfichord or organ.

In regard to thofe divifions it muff be obferved, that as the

notes of the fecond odtave bear the fame proportion to the firft

note of that octave as the notes of the firft octave refpedtively

bear to the firft note of that odtave, or to the whole firing

;

and as the length of the firing exprefling the firft note of the

fecond o<5tave, viz. cZ
,

fig. 1. is half the length of CZ, the

Aril note of the firft ofitave, it follows, that the length of the

firing of every note in the fecond ofilave is half the length of

the correfponding note in the firft odtave ; thus g in the fecond

ofitave is 120 inches long, and G in the firft octave is 240

inches long, viz. twice 120. Hence, when the divifions of

the firft odlave are afcertained, in order to find the divifions of

the notes of the fecond odlave, we need only take the half of

the lengths exprefling the notes in the firft oftave. By the

very fame reafoning it is evident, that to find the divifions for

the third odlave, we need only take the halves of the lengths

which exprefs the notes of the fecond odtave, or the quarters

of thofe of the firft odlave, and fo of the reft.

The firing or line CZ, fig. 1. is divided in the above-men-

tioned manner, and in order to avoid confufion, the divifions

of the principal notes only of the firft and fecond odtave are

annexed to it. The numbers under the line exprefs the lengths

from
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from Z to thedivifions to which they {land near. The letters

juft over the lines are the names of the notes or founds ex-

prefled by the correfponding lengths of the firing. The frac-

tional numbers exprefs the proportion which each particular

divifion bears to the whole firing ; and the Roman numbers
denote the numerical names of each note with refpedl to its

diflance from the firfl, which is always included. For example,

luppofe the whole firing to be called C, and to be 360
inches long: then, if this firing be flopped in G, the part GZ
will be 240 inches, viz. two-thirds of the whole firing CZ ;

the found exprefled by it when flruck is called G, and it is

the fifth note from C, which is the fir ft or kev-note. Again,

if this firing be flopped in A, the part AZ will be equal to

216 inches, viz. three-fifths of the whole; the lound pro-

duced by it is called A, and is a fixrh to the key-note C, &c.

It is evident, that if any of thofe di-vifions be confidered as

the firfl or key-note, then the other notes, though they retain

their alphabetical names* mufl have their numerical names

altered accordingly : for example, if we take D for the key-

note, then A will be the fifth of it, whereas A was the fixth

when C was confidered as. the key-note; thus alfo B is the

third of G, and the feventh of C, and fo on.

Thus much having been premifed, we may proceed to fhew

the meaning of what is called the temperament in a fyflem of

mufical founds, and likewife the neceffity of it. For this pur-

pofe it is neceffary to recollebf, firfl, that the firing, divided in

the above-mentioned manner, exhibits the various notes or

founds of the keys of an harpfichord, the pipes of an organ,

&c. Secondly, that thofe divifions remain unalterable, fo that

the harpfichord, when tuned, cannot be altered in the courfe

of performing on it; and, thirdly, that when any one of

c thofe
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thofe notes or divifions is confidered as the key-note, its fecond,

third, fourth, fifth, &c. muft bear their refpedive proportions,

according to what has been faid in the preceding pages.

Now, if amongft the divifions of the firing CZ, fig. i . we

take D for the fir ft or key-note, its length being 320 inches,

the length of its fifth muft be 213I inches, viz. two thirds

of 330, that being the proportion which the fifth muft bear

to the key-note ; but amongft the divifions of the firing, there

is none equal to 213^ inches; therefore, there is not a note

among them which may ferve for a fifth to D : however, as

the length of AZ, viz. 216, is the neareft to 213!, this A
muft be taken tor the fifth of D. It is evident, that this is

an imperfed fifth of D ; but if, in order to render it perfed,

we make AZ equal to 213} inches inftead of 216, then it will

be a redundant fixth to C, when C is confidered as the key-

note ; the beft expedient, therefore, is to divide the imper-

fedion between the two lengths, viz. to make AZ neither fo

long as 216, nor fo fhort as 213}, which will render the dif-

agreeable fenfation, anting from the improper length, the leaft

poflible. This alteration of the juft lengths of firings, ne-

ceflary for adapting them to feveral key-notes, is called the

temperament

:

and the beft temperament in a fet of mufical

founds is evidently fuch a partition of the natural imperfec-

tions, as will render all the chords equally and the leaft dif-

agreeable poffible.

What has been exemplified in D and A may be faid of all

the other notes ; fo that if any one of them be a perfed third,

fifth, &c. with refped to one key-note, it will be found to be

impeded with refped to others. Hence it is manifeft, firft,

that in a fet of mufical keys, pipes, or frets, a temperament is

abfolutely necefi'ary ; and, lecondly, that the harpfichord,

organ.
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organ, guitar, or any other inftrument in which the notes are

fixed, fo as not to be alterable by the performer’s hands, mull

be imperfect even when tuned in the belt manner poffible ; for

by the temperament we caii divide, but not annihilate, the

imperfection

.

Other inftruments, in which the notes are not fixed, as the

violin, violoncello, &c. are perfect, becaufe the performer flops

the firings upon them in different places, even for founding

the notes of the fame name. Thus a fkilful performer, in'

order to found A, will flop the firing a little farther from the

bridge when he plays in the key of C, viz. when C is conli-

dered as the key-note, than when he plays in the key of D.

Mofl people imagine, that the fcale of mufic is capable of

many different temperaments ; and, agreeable to this fuppofi-

tion, the writers on harmonics have propoled different tempe-

raments; but it will be fhewn in the fequel, that the nature

of the fcale admits of only one temperament capable of ren-

dering the imperfection and the harmony equal throughout

;

and that it is impoffible to form a different and more advan-

tageous fcale.

Before we begin with the invefligation of this fubjeCt, it

will be neceflary to explain certain principles, the want of

which may poflibly raife feme doubts in the minds of thofe

perlons who are not much acquainted with the theory of mu-

fical founds. In the firfl place it mufl be obferved, that the

proportion of 2 to 3 for the fifth, the proportion of 1 to 2

for the oClave, and in fhort the proportions of all the notes,

are not aflumed at pleafure; but they have been determined

from conflant experience, viz. from the agreeable or difagree-

able effects produced when two different notes are founded at

the fame time.

Vol. LXXVJII. L 1 To
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To render this more evident, let two firings equal In every

refpecl be flruck at the fame time, and they will exprefs the

fame found precifely, fo that no ear can perceive any dif-

ference between them, and it is almofl impoflible to diflin-

guifh whether the found arifes from two firings, or from one

only, excepting from the loudnefs. But if one of thofe

firings be fucceffively flopped in different parts of its length,

whilfl the other remains open as before, and if at every time

they be both flruck together, their combined founds will be

found to produce different effects, viz. fometimes more or lefs

pleafing, and at other times more or lefs difagreeable. When
the combinations of the two founds are agreeable, they are

called concords-, and when difagreeable, they are called difcords.

Experience evinces, that the befl concord is when the length

of one firing is to the length of the other as i to 2, every

other circumftance being the fame in both. This proportion

forms the oclave. The next befit concord is the fifth, viz

.

when the lengths of the two firings are as 2 to 3, after which

come the proportions of 3 to 4, 4 to 5, 3 to 5, 5 to 6, and

c; to 3
,

for the other concords. The other proportions befides

thefe are difagreeable in a greater or lefs degree, unlefs they

are greater than the proportion of 1 to 2 ; but in that cafe it

will be found, that the proportions which produce agreeable

combinations are the double, quadruple, odluple, &c. of thofe

mentioned above, viz. are their odlaves, double odlaves, &c. :

thus the proportion of 1 to 4 produces a very agreeable con-

cord, becaufe 1 to 4 is the double of 1 to 2, viz. it exprefies a

double oclave.

Secondly, it appears, from the foregoing obfervntions, that

if we have the length of a firing, or the proportion of a note

in any part of the firing, we may eafily find its odlaves by
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taking its double, or its half, or the double of the double,

&c. : for inftance, in fig. 1. if cZ be given equal to 90 inches,

we may find its octave below by taking twice 90, viz. 180, or

the o&ave of this odtave, which is 360, viz. equal to twice

180, or to four times 90; and, on the other fide, we may
find the oftave above of the given note by taking its half,

which is 45, &c.

It is now necefiarv to fnew why within the oftave there are

admitted only thirteen different notes, viz. eight principal

ones, and five others, called lharps and flats.

The line XY, fig. 2. reprefents a mufical firing, the length

of which is fuppofed to be divided into 13286025 equal parts *,

On one fide of this line there are the divifions of feven fuccef-

five octaves, viz. the half of XZ, a quarter of it, &c.

;

and on the other fide are the divifions of a feries of fifths,

viz. the fifth of the whole firing, the fifth of this fifth,

and fo on, which are found by taking two-thirds of the whole

firing, then two-thirds of thofe two thirds, andfoon.

Here we take notice only of the ofiaves and fifths, becaufe

they are the principal and the befi concords ; fo that a tempera-

ment being required, it is neceffary firfi to take care, that thele

concords be not rendered infufferable to the ear, the refi admit-

ting of a greater latitude in the temperament or deviation from

the perfect fiate. Befides, it will appear in the fequel, that all

the other notes are derived from the feries of fuccefiive fifths.

In whatever key a piece of mufic is performed, its filth is

the mofi predominant of its concords; and as the notes ot

* This number has been chofen, becaufe the line may in that cafe be divided Into

the neceffary number of fuccefiive o£taves and fifths, without any common frac-

tions, which renders the operation more eafy aad more perfpicuous
;

otherwiic

there mieht have been afTumed any other number.

L 1 2, mufic
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mufic muft be fo ordered as that, for the fake of modulation,

any note may be confidered as the key-note ; therefore having

found the fifth of the whole firing by taking two-thirds of its

length, which gives a note called G, we mull; fuppofe, that

this G may be confidered as the key-note, confequently muft

find its fifth, which gives D, as fhewn in the figure, and fo

on, until we find one of thofe fucceflive fifths, which coin-

cides with one of the fucceflive odlaves ; for after that, to find

more fucceflive fifths would be only repeating the fame thing

over again.

Indeed, if we carry the fucceflion of odlaves and of fifths

indefinitely far, we fhall find, that no one of the fifths ever

coincides perfectly with one of the odlaves, and therefore the

divifion would have no end. However, as the length of the

feventh odlave comes fo very near to the twelfth fifth, we mull

be contented with taking this feventh odlave for the fifth of

F, the difference between this note and the perfect fifth of

F being about the hundredth part of its length ; whereas, if

we carry on the fucceflion of fifths and of odtaves, we fhall

find, that amongft thirty and more fifths none comes nearer

to one of the ottaves than the above-mentioned one, as may
be feen in the following table, which contain s a feries of fuc-

ceflive odlaves, and another feries of fucceflive fifths, as in fig.

2. ; but in the table the divifions are carried farther on than in

the figure

:

Odtaves. Fifths.

13286025 1 3286025.

6643012,5 885735°.

33 2I 5°6> 25 5904900.

1660753,125 3936600.

83°37 6 >5625 2624400,

Odtavea
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O&aves. Fifths.

415188,28125 1 749600.

207594,140625 1 166400.

io3797 ,°7°3 125 775600.

5 1 898,535 ’ + 518400.

25949,2675 + 345600.

12974,6387 + 230400.

6487,3193 + 1 53600.

3243,654 + 53*102400.

3621,827 + 68266,6 +
810,913+ 455 1

1

+
405,456+ 30340,7 +
202,728 + 20227 +
101,364 + 6742,3+-

50,062 + 4494,8+
2 5 >33 l + 2996,6

+

1 2,665 * 997>7 +
i 33 i - 8 +
887,8 +
592 +
394,6 +
263 +

' • 175,4 +
1

1 7 +
78 +
5 2 +
34,6 +
23 +
> 5,3 +

The number of fifths then in this feries is twelve, and as, from

what has been faid above, when the divifion expreffing a cer-

tain note has been afligned in any part of a lfring, we may

2 ealily
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eafily find all its oClaves above and below, it follows, that by

finding; all the octaves of thofe twelve divifions we (hall have

twelve difiinCt notes within half the firing, tvs. within the firfi

octave of the whole firing ; to which, if the found of the whole

firin o- be added, we (hall have thirteen different founds, which

(hews why an octave comprehends neither more nor lefs than

thirteen notes.

Without dwelling any longer upon the names or number of

thofe notes, I (hall immediately proceed to find out the tem-

perament.

It has been (hewn above, and it is exprefied in fig. 2. that

the length of the firing for the lafi fifth is (horter than the

length of the lafi oCtave, and alfo that one of them mufi be

neceflarily taken for both purpoles ; but here we mufi confult

nature, examining by the ear which of the two is leaft dif-

agreeable. This, however, is foon decided ; for imperfeCl oCtaves

are quite infufferable, whereas a certain degree of imperfe&ion

in the fifths is tolerable ; therefore we are neceflitated to leave

the o&aves perfeCV, and to let the feventh o&ave ferve for the

fifth of F. In this cafe it is evident, that each of the notes

in the fucceflion of fifths is a perfect fifth to its preceding

note, excepting the lafi, which would be by much too flat, and

therefore it is necelTary to divide the imperfection equally

among them all.

For this purpofe it mufi: be confidered, that as the twelve

fucceflive fifths, together with the whole firing or firfi note*

are each two-thirds of its preceding note ; they form a geome-

trical feries, the ratio of which is f, its extremes are 132^6025

and 102400, and the number of terms is 13. But becaufe

mfiead of 102400, which is the lafi fifth. We mufi take the

number 103797,07031 2 5 (vAs. the length of the lafi: oClave)

for
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£or the lafc term of the feries
; therefore the problem is reduced

to the finding out of eleven mean proportionals between the

two numbers 13286025 and 103797,0703 1 2

It is demonftrated in almoft every treatife on algebra and

arithmetic, that in a geometrical progreflion, as the above-

mentioned one, the firft or fmalleft extreme is to the laft or

greateft extreme as unity is to a power of the ratio, the index

of which is equal to the number of terms lefs one. Hence,

in our cafe, in which the number of terms, including the

two extremes, is 13, we fhall have 1 0379750703 1 25 :

13286025 :: 1 : R‘% from which the ratio is found by dividing

the fecond number by the firft, and extracting the twelfth

root from the quotient, viz. — — — 12 8 ; and
1 I03797>°7°3 12 5

1 281- = 1,4983069, which is the ratio fought.

The ratio having been afcertained, the fucceftion of tem-

pered fifths is thus eafily determined
;

viz. divide the length

of the whole firing by this ratio, and the quotient gives the

firft tempered fifth ; divide this fifth by the fame ratio, and

the quotient gives the fecond tempered fifth ; divide this fe-

cond fifth by the fame ratio, and fo on till the laft fifth, which

comes out equal to 103797, 21735 (fee fig. 3.) which is fo

nearly equal to the length of the feventh oCtave, that the dif-

ference is truly infignificant ;
but, if greater accuracy were

required, we need only extract the proper root of 128 to a

greater number of decimals.

Fig. 3. fhews the divifions of the firing XZ tempered in

the above-mentioned manner; viz. the fucceffive fifths have

been afcertained firft, and then, by taking their oCtaves, the

whole fet of divifions has been completed. By comparing

this figure with fig. 2. one may ealily perceive, how fmali is

; the
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the difference between the perfeCt fifths of the latter, and the

tempered ones of the former.

The divifions, thus ascertained, form a feries of notes, in

which the oftaves only are perfect ; but all the fifths, all the

thirds, and in fhort all the chords of the fame denomination,

are equally tempered throughout : fo that whichever of them

is taken for the key-note, its fifth, lixth, &c. will have al-

ways the fame proportion to it, and confequently will always

produce the fame harmony when founded with it.

It is evident, that, befides this, there can be no other tem-

perament capable of producing equal harmony ; for when the

extremes of a geometrical feries and number of mean propor-

tionals are given, there can be but one fet of thofe means :

thus, if we are to find two mean proportionals between the

numbers 2 and 16, thefe are neceffarily 4 and 8; nor is it

poffible to aflign any others.

If, on the other hand, we endeavour to find a better tem-

perament by introducing more than thirteen notes within the

limits of an oCtave, we fhall find it impracticable, becaufp it

has been fhewn, in the preceding pages, that after the number

thirteen, if the fuccefiion of fifths be carried farther on, they

will recede more from a coincidence with any one of the

oCtaves.

This explanation of the nature, origin, and neceffity of the

temperament has been thought neceflary for the fake of per-

spicuity ;
but the fame end may be obtained by the following

eafier method. As the thirteen notes of an oClave muff be

arranged fo, that whichever of them be taken for the firff or

key-note, the fecond, third, fourth, &c. may bear the fame

confiant proportion to it; therefore it follows, that they muff

be in a geometrical proportion one of the other, fo as to form a

feries
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feries of thirteen numbers, the extremes of which are the

whole firing and its half, viz. any number and its half. The
ratio of this feries is found in the fame manner as in the other

feries, viz. the greatefl extreme is divided by the leafl, and the

twelfth root of the quotient is the ratio fought. But the ex-

tremes are any affumed number and its half: and as the quo-

tient of a number divided by the half of the fame number is

always equal to two ; therefore, whatever be the length of

the firing, the ratio is always Th 1' = 1,0594+, and if the
j

length of the whole firing be divided by this ratio, viz.

1,0594 + , the quotient will be the length of the firing ex-

prelfing the fecond note, which, divided by the fame ratio,

gives the third note, and fo on ; or elfe, inflead of dividing

the length of the whole firing by the ratio, you may multiply

the half of it by the ratio, the produdl of which will give the

feventh note, which multiplied by the fame ratio gives the

fixth, and fo on in a retrograde order, which will give the

tempered notes of the odlaves as well as the former method.

By this means the following divilions for the notes of an

o£lave have been calculated, the length of the whole firing

having been fuppofed equal to 100000.

I. 100000

* b 94387
II. 89090

* b 84090

III. 79370
IV. 749*5

* b OO

V. 66743

* b 62997

VI. 59462

& b 56123

Vol. LXXVI 1 I.
' M m VII.
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VII. 52973.

VIII. 50000.

If a monochord be divided in this manner, and a harpfi*
\

chord tuned by it, this inftrument will then be tuned fo, that

whichever note be taken for the firft or key-note, its fifth,

fixth, &c. will produce the fame effect refpe&ively.

Thus far I have endeavoured to explain this fubjefil in the

moft familiar manner, avoiding as much as poifible the mathe-

matical language and fymbols ; having found, by experience,

that intricate mathematical dilquifitions, efpecially on this

fubjefit, are underftood only by a few able mathematicians,

but that they are neither comprehended, nor even read, by

thofe who might wifh to underftand, or to ule them. It is

now neceflary to confider this fubjeift with refpect to the

pradtice.

At prefent, the harpfichords and organs are commonly

tuned fo, that fome concords are very agreeable to the ear,

whilft others are quite intolerable ; or, in other words, when

the performer plays in certain keys, the harmony is very plea-

ling, in others the harmony is juft tolerable, and in fome other

keys the harmony is quite difagreeable.

The heft keys to be played in are the keys of C, of F, of

E flat, of B flat, of G and of D in the major mood, and the

keys of C, of D, of A, and of B, in the minor mood. Next

to thofe come the lefs agreeable keys of A, A flat, and E in

the major mood ;
befides thofe, the reft are difagreeable in a

greater or lefs degree, fo that out of twelve keys *, which, on

account of the two moods, viz. the major and the minor,

become twenty-four, there are hardly fourteen that can be

* The octave mult be excepted, in this refpett it being the fame as the firft

note.

4 11 fed ;
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ufed ; and for this reafon mod: of the modern compofitions in

mufic are written in thofe keys.

So far the common method of tuning anfwers fome pur-

pofe ; for as long as the performer is to play in certain keys

only, it is much better to have them tuned in the mod; advan-

tageous manner, than to let thofe be tuned in a lefs perfect man-

ner for the fake of others, which he does not intend to ufe. Hence

the great harpfichord players generally have their inftruments

tuned in a peculiar manner, viz. fo as to give the moff advan-

tageous effect to thofe concords which they more frequently

ufe in their compofitions. And hence alfo, the harplichords

and organs are always tuned different from each other, unlefs

they be tuned by the fame perfon with equal attention, and

without any particular inftrudtions.

This pradtice cannot conveniently be laid afide, viz. when

the inffrument is to be tuned for folo playing; and for a cer-

tain ftyle of mufic, it is very proper to tune it fo as to give the

greateft effedt to thofe combinations of founds, which are moffly

ufed in thofe compofitions. But the cafe is far different when

the inffrument is to ferve for accompanying other inffruments

in every fort of mufic, or the voices of good fingers ; for then

the difagreement becomes very audible ; and for this purpofe

the harpfichord or organ ought to be tuned according to the

above demonftrated temperament of equal harmony, which is

%he only one that can pofiibly take place.

When the compofitions of old mafters are performed in con-

cert, and with the organ or harpfichord tuned in the common

manner, the effedt is frequently very difagreeable. This is

particularly the cafe with the fongs of Handel, Galluppi,

Leo, Pergolese, and others, who wrote in a great variety

Mm2 of
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of keys, and very often in thofe, for which the common way

of tuning is not at all calculated.

In order to hear the effedt of the above-mentioned tempera-

ment of equal harmony, I had a monochord made in a very

accurate manner, and upon it I laid down the divifions for the

thirteen notes of an odtave properly tempered in the manner

explained above. After a great deal of trouble in adjufting the

moveable fret, corre&ing the divifions, &c. I at laft fucceeded

fo well as to render the divifions exadt within at leaft the 300th

part of an inch, and every part of the inftrument was rendered

fufficiently fteady and unalterable.

This being done, I had a large harpfichord, with a fingle

unifon (in order to judge the better of the effedt), tuned very

accurately by the help of the monochord. With this inftru-

ment, in whatever key the performer played, the harmony was

perfectly equal throughout, and the effect was the fame as if

one played in the key of E natural on a harpfichord tuned in

the ufual manner.

I fhall, therefore, conclude with faying, that when the

harpfichord, organ, &c. is to ferve for folo playing, and for a

particular fort of mufic, it is proper to tune in the ufual man-

ner, viz. fo as to give the greatefi: effect to thofe concords

which occur more frequently in that fort of mufic ; but that

when the inftrument is to ferve for accompanying other inftru-

ments or human voices, and efpecially when modulations and

tran fpofitions are to be pradtifed, then it muft be tuned accord-

ing to the temperament of equal harmony, which has been

explained in the preceding pages.
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XVI. Defcription of a new Electrical Injirument capable of col-

lecting together a diffufed or little condenjed Quantity of Elec-

tricity. By Mr. Tiberius Cavallo, F. R. S.

Read April io, 1788.

ONE of the principal defiderata in practical electricity has

been a method of afcertaining the prefence and quality

of luch diffufed or weak eleCtricity as could not inr mediately

affeCt an eleCtrometer ; of this nature is the electricity pro-

duced by effervefcences and other proceffes, the eleCtricity of

the atmofphere in ferene and warm weather, &c.

M. Volta’s condenfer, which is defcribed in Volume

LXXII. of the Philofophical TranfaCtions, was the firft at-

tempt of the kind, and, indeed, when this inftrument is in

good order, it anfwers exceedingly well ; but the difficulty of

conftruCting and of preferving it, added to the frequent uncer-

tainty of the refult (it being difficult to fay, whether in cer-

tain cafes the eleCtricity obtained comes from the inftrument

itfelf, or from the fubftance in queftion) have occafioned its

being little, if at all, ufed by thole who ftudy the fubjeCt of

eleCtricity.

Mr. Bennet’s doubler, which is defcribed in Volume

LXXVII. of the Philofophical TranfaCtions, was alfo in-

tended to manifeft fmall, and otherwife un perceivable, quan-

tities of eleCtricity ; but from the experiments and oblervations,

which I had the honour of laying before the Royal Society in

November laft, it feems to be clearly (hewn, that this dou-

bler
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bier cannot be of any ufe, on account of its being naturally

always electrified.

In the fame Paper of laft November, I likewife fhortly men-

tioned a method which I had ufed for collecting difFufed quan-

tities of eleCtricity. Since that time, I have improved the

method ; and, alter feveral alterations, have conftruCted an in-

ftrument for the purpofe, which, to all my friends who are

converfant in eleCtricity, as well as to myfelf, feems to be free

from all thofe faults which render M. Volta’s and Mr. Ben-

net’s inftruments of little, if at all of any ufe. It feems,

therefore, that the following defcription of this new inftru-

ment may be of ufe to thofe who are purfuing eledtrical expe-

riments and invefligations.

The properties of this machine, which from its office may

be called a collector of electricity, are, firft, that when connected

with the atmofphere, the rain, or in ffiort with any body

which produces eleCtricity {lowly, or which contains that

power in a Very rarefied manner, it colleCts the eleCtricity, and

afterwards renders both the prefence and quality of it manifeft,

by communicating it to an electrometer. Secondly, This col-

lecting power, by increafmg the fize of the inltrument, and

efpecially by ufmg a fecond or fmaller inltrument of the like

fort to colleCt the eleCtricity from the former, may be aug-

mented to any degree. Thirdly, It is conftruCted, managed,

and preferved with eafe and certainty; and it never gives, nor

can it give, an equivocal refult, as 1 have proved experimen-

tally, and as will appear by confidering its conitruCtion.

The annexed drawing exhibits two perfpedtive views of this

collector. Fig. i. (Tab. IV.) fhews the inftrumefit in the Itate

of collecting the eleCtricity; and fig. 2. {hews it in the Itate m
which the collected eleCtricity is to be rendered manifeft. A11

electrometer



new Eledlrical Jnjlrumcnt. 257

ele&rometer is annexed to each. The letters of reference indi-

cate the fame parts in both figures.

ABCD is a flat tin plate, thirteen inches long and eight

inches broad ; to the two Ihorter Tides of which are foldered

two tin tubes AD and BC, which are open at both ends. DE
and CF are two glals flicks covered with healing wax by means

of heat, and not by diflolving the fealing wax in ipirits. They
are cemented into the ‘lower apertures of the tin tubes, and

alfo in the wooden bottom of the frame or machine at E and

F, fo that the tin plate ABCD is fupported by thofe glafs

flicks in a vertical polition, and is exceedingly well infulated.

GH 1LKM and NOPV are two frames of wood, which being

fattened to the bottom boards, by means of brafs hinges, may

be placed fo as to fland in an upright pofition and parallel to the

tin plate, as lhewn in fg. 1. or they may be opened, and laid

upon the table which fupports the inftrument, as lhewn in fg.

2. The inward lurfaces of thofe frames from their middle

upwards is covered with gilt paper XY ; but it would be better

to cover them with tin plates, hammered very flat. When
the Literal frames fland flraight up, they do not touch the tin

plate; but they fland at about one-fifth part of an inch afunder.

They are alfo a little fhorter than the tin plate, in order that

they might not touch the tin tubes AD, BC. In the middle of

the upper part of each lateral frame is a fraall flat piece of

wood S and T, with a brafs hook ; the ufe of which is to hold

up the frames without the danger of their falling down when

not required, and at the fame time it prevents their coming

nearer to the tin plate than the proper limit. It is evident, that

when the inftrument (lands as lhewn in fig. 1. the gilt lurface

of the paper XY, which covers the infide of the lateral frames,

Hands contiguous and parallel to the tin plate.

When
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When the inftrument is to be ufed, it muft be placed upon

a table, a window, or other convenient iupport, a bottle elec-

trometer is placed near it, and is connected, by means of a

wire, with one of the tin tubes AD, BC ; and by another

conducting communication the tin plate muft be connected

with the electrified fubftance, the electricity of which is re-

quired to be collected on the plate ABCD : thus, for inftance,

if it be required to colleCt the electricity of the rain, or of the

air, the inftrument being placed near a window, a long wire

muft be put with one extremity into the aperture A or B of

one of the tin tubes, and with the other extremity projecting

out of the window. Jf it be required to colleCt the eleCtricity

produced by evaporation, a fmall tin pan, having a wire or

foot of about fix inches in length, muft be put upon one of

the tin tubes, fo that the wire going into the tube the pan may

ftand about two or three inches above the inftrument. A
lighted coal is then put into the pan, and a few drops of wa-

ter poured upon it will produce the delired effeCt. Thus far

may fuffice with refpeCt to the mechanical defeription of the

inftrument : the power and ufe of it will be made apparent by

the following experiments.

Exp. 1. Communicate to the tin plate ABCD a quantity of

eleCtricity, for inftance, as much as would very fenfibly affeCt

a common cork-ball electrometer; then, if the lateral frames

GHM, NOP, ftand upright, as in fig. 1. the electrometer W
will fhew no divergency ; but if the frames are opened and

let down, as in fig. 2. the balls of the electrometer W will

immediately repel each other, and by the approach of an ex-

cited piece of fealing-wax, the quality of the eleCtricity may
be eafily ascertained after the ufual manner.—Put up the lateral

frames again, and the eleCtricity will apparently vanifh ;—let

them down, and the eleCtricity will re-appear, and fo on.

' If
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If you touch any part of the tin plate or tin tubes with your
finger, the eleCtricity is thereby intirely removed, and that

will be the cafe whether the lateral frames are up or down.

Exp. 11. Take an extended piece of tinfoil, about four yards

fquare, and, holding it by a filk thread, electrify it lo weakly

as not to be capable of affeCting an electrometer
; then bring it

in contaCt with the tin plate of the collector, whilft the late-

ral frames are up. This done, remove the tin-foil, let down
the lateral frames one after the other, and on doing this, the

electrometer W will immediately manifeft a confiderable degree

of eleCtricity. But if the electrometer were to fhew no fenfi-

ble degree of eleCtricity, a fmaller collector, viz. one having a

tin plate of about four fquare inches, muft be brought into

contaCt with the tin plate of the large collector, whillf the

lateral frames of the latter only are down ; and then the

fmall collector being removed from the large one, its lateral

frames are opened, and its tin plate is prefented to an electro-

meter, which will thereby be eleCtrified to a much greater de-

gree than the electrometer W was by the large collector.

Exp. hi. Let a common cork-ball electrometer be fattened to an

infulated conductor, having about two or three fquare feet of

furface, and communicate to it fuch a quantity of eleCtricity as

may be lufficient to let the balls of the electrometer ftand at

about one inch afunder. In this ftate bring the conductor in

contaCt with the tin plate of the collector for a very Ihort time,

and it will be found, that the balls of its electrometer will im-

mediately approach and touch each other, Ihewing that the

eleCtricity of the conductor is gone to the plate ot the col-

lector; and, in faCt, if you let down the lateral frames, the

balls of the electrometer W will immediately repel each other

to a very great degree.

Vol. LXXVIII. N n It
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See,

It Teems, therefore, to be clearly (hewn by thefe experi-

ments, that the tin plate of this inftrument can collet and re-

tain a vaft quantity of eleCtricity, when the conducing furfaces

of the lateral frames are contiguous to it, in comparifon to that

quantity which it can either collect or retain when thofe fur-

faces are removed from its vicinity.

The quantity of eleCtricity, which the tin plate ABCD is

capable of collecting, principally depends on three circum-

ftances, viz. ift, on the diftance between the tin plate and the

conducting lateral furfaces; the fmaller that diftance is, the

greater being the collecting power ; 2dly, on the (ize of the

inftrument; and, 3dly, on the quantity of eleCtricity pof-

fefled by the body from which it muft be collected or taken

away.

1 need not expatiate on the principle upon which the aCtion

of this inftrument depends; this being the fame as that of the

eleCtrophorus, of M. Volta’s condenfer, and of many other

eleCtrical experiments ; namely, that a body has a much greater

capacity for holding eleCtricity when its furface is contiguous

to a conductor which can eafily acquire the contrary eleCtricity,

than when it ftands not in that htuation.

I (hall laftly add, that having actually ufed this new inftru-

ment in feveral experiments, I have found it to anfwer perfectly

well ; one of its principal recommendations being the cer-

tainty of its operation.
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XVII. On the Conversion of a Mixture of dephlogijiicated and

phlogificated Air into nitrous Acid, by the cleftric Spark . By
Henry Cavendifh, EJf F. R . S. and A. S.

Read April 17, 1788.

I
N Volume LXXV. of the Philofophical Tran factions, p.

372. I related an experiment, which fhewed, that by

pafling repeated ele&ric fparks through a mixture of atmo-

fpheric and dephlogifticated air, confined in a bent glafs tube

by columns of foap-lees and quickfilver, the air was converted

into nitrous acid, which united to the foap-lees and formed

nitre. But as this experiment has fince been tried by fome per-

fons of diflinguifhed ability in fuch purfuits without fucctfs,

I thought it right to take' fome meafures to authenticate the

truth of it. For this purpofe, I requeued Mr. Gilpin, Clerk

of the Royal Society, to repeat the experiment, and defired

fome of the Gentlemen moft €|Dnverfant with thefe fubje&s to

be prefent at putting the materials together, and at the exa-

mination of the produce.

This laborious experiment Mr. Gilpin was fo good as to

undertake. It was performed in the fame manner, and with

the fame apparatus, which was ufed in my own experiments,

and which is defcribed in the beginning of the above-men-

tioned Paper, and is accompanied with a drawing. The

N n 2 method
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method ufed for introducing air into the bent tube, was

that defcribed in the laft paragraph of p. 373. in that

Paper, by means of the apparatus reprefented in fig. 3. or

the refervoir, as I fhall call it. The foap-lees, like thofe

of my own experiments, were prepared from fait of tartar,

and were of fuch ftrength as to yield ^ of their weight

of nitre when faturated with nitrous acid. The dephlo-

gifticated air was prepared from turbith mineral, and feemed

by the nitrous tell to contain about T
*

T part of phlogiflicated

air. v

On December 6, 1787, in the prefence of Sir Joseph

Banks, Dr. Blagden, Dr. Dollfuss, Dr. Fordyce, Dr.

J. Hunter, and Mr. Macie, the materials were put toge-

ther. The quantity of foap-lees, introduced into the bent

tube, was 180 meafures, each of which contained one grain

of quickfilver ; and, as the bore of the tube was rather more

than one-third of an inch in diameter, it formed a column of

five or fix-tenths of an inch in length, which, by the intro-

duction of the air, was divided into two parts, one refting on

the quickfilver in one leg of the tube, and the other on that in

the other leg. The dephlogifticated air was mixed with one-

third part of its bulk of atmofpheric air of the room in a fepa-

rate jar, and the refervoir was filled with the mixture ; and

fronv thence Mr. Gilpin, as occafion required, forced air into

the bent tube, to fupply the place of that abforbed by means

of the elettric fpark.

From what has been faid, it appears, that the mixture em-
ployed contained a lefs proportion of common air than that

ufed in either of my experiments. This made it neceffary for

Mr. Gilpin now and then to introduce fome common air by

4 means
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means of the bent tube reprefented in fig. 3. of the above-

mentioned Paper, whenever from the flownefs of the abforp-

tion he thought there was too fmall a proportion of phlogifti-

cated air in the tube.

My reafon for this manner of proceeding was, that as my
firft experiment feemed to fhew, that the dephlogifticated air

ought to be in a rather greater proportion to the phlogifticated

than the latter did, I was fomewhat uncertain as to the pro-

per quantities, and doubted whether I could proportion them
in fuch manner as that it fhould not be necefiary, during the

courfe of the experiment, to add either dephlogifticated or

common air. I therefore mixed the airs in fuch proportion,

that I was fure there could be no occafion to add the former

;

fince it was much eafier, as well as more unexceptionable, to

add common air than dephlogifticated air.

On December 24, as the air in the refervoir was almoft all

ufed, this apparatus was again filled in the prefence of moft of

the above-mentioned Gentlemen, with a mixture of the lame

dephlogifticated air and common air, in the fame proportions

as before; and the fame thing was repeated on January 19.

On January 23, the bent tube was, by accident, railed out

of one of the glafles of mercury into which it was inverted,

by which it was filled with air, and a good deal of the foap-lees

were loft ; there, however, was enough remaining for exami-

nation.

On January 28, and 29, the produce of this experiment

was examined in the prefence of Sir Joseph Banks, Dr.

Blagden, Dr. Dollfuss, Dr. Fordyce, Dr. Heberden,

Dr. J.
Hunter, Mr. Macie, and Dr. Watson. It appeared

that 9290 mealures of the mixed air had been forced into the

bent
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bent tube from the refervoir *. Befides this, Mr. Gilpin had

at different times introduced 872 meafures of common air,

which makes in all 10162 of air, confiding of 6968 of de-

phlogidicated air, and 3194 of common air. But as there

were 900 meafures of air remaining in the tube when the

accident happened, the quantity abforbed was only 9262; but

this is a much greater quantity that what from my own expe-

riments feemed neceflary for this quantity of foap-lees.

The foap-lees were poured into a fmall glafs cup, and the

tube wafhed with a little diddled water, in order that as little

as podible might be lod. As they were by this means confi-

derably diluted, they were evaporated to drynefs ; but it was

difficult to edimate the quantity of the faline refiduum, as it

was mixed with a few particles of mercury.

Some vitriolic acid, dropped on a little of this refiduum,

yielded a fmell of nitrous acid, the fame as when dropped on

nitre phlogidicated by expofure to the fire in a covered cruci-

ble ; but it was thought lefs drong. The remainder was dif-

folved in a fmall quantity of diddled water, and the following

experiments were tried with the folution.

It did not at all difcolour paper tinged with the juice of blue

flowers.

It left a naufeous tade in the mouth like folutions of mer-

cury, and mod other metallic fubdances.

Paper dipped into it, and dried, burnt with fome appearance of

deflagration, but not fo drongly or uniformly as when dipped

in a folution of nitre. The marks of deflagration, however,

were Aronger than when the Paper was dipped into a folution

* The method of afeertaining the quantity of air forced in was by weighing

the refervoir, as mentioned in the above-mentioned Paper, p. 374.

of
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€>f mercury in fpirit of nitre, but not fo ftrong ns when equal

parts of this folution and folution of nitre were ufed.

A folution of fixed vegetable alkali, dropped into fome of it

diluted, produced a flight reddifh-brown precipitate, which

afterwards aflumed a greenifh colour.

A bit of bright copper being dipped into it, acquired an

evident whitifh colour, though not fo white as when dipped

into the folution of mercury in fpirit of nitre.

From thefe experiments it appears, that the mixture of the twro

airs was actually converted into nitrous acid, only the experi-

ment was continued too long, fo that the quantity of air abforbed

was greater than in my experiments, and the acid produced

was fufficient, not only to faturate the foap-lees, but alio to

diflolve fome of the mercury. The truth of the latter part is

proved by the metallic tafte of therefiduum, its not dilcolour-

ing the blue paper, the precipitate formed by the addition of fixed

alkali, and the white colour given to the copper ; and the nitrous

fumes produced by the addition of oil of vitriol, as well as the

manner in which paper impregnated with the refiduum burnt,

fhew as plainly, that the acid produced was of the nitrous

kind. It is remarkable, however, that during this experi-

ment there were no figns which fhewed when the foap-lees

became faturated. The only time when the diminution proceeded

much flower than ufual was on January 4. It then feemed

to go on very {lowly ; but as the air abforbed at that time was

only 4830 meafures, which is much lels than what feems re-

quifite to faturate the alkali, and as the diminution imme-

diately went on again upon adding more common air, it feems

not likely, that the foap-lees were laturated at that time.

On January 10, Mr. Gilpin obferved a fmall quantity of

whitifh fediment on the furface of the mercury ; which feems

to
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to fhew, that the foap-lees were then faturated, and that the

acid was beginning to corrode the mercury. The quantity of

air abforbed was alfo 6840 meafures, which is about as much

as I expected would be required. However, as I was perfuaded,

from the event of my own experiments, that the diminution

would either intirelv ceafe, or go on very {lowly, as foon as

the foap-lees were faturated ; and as I was unwilling to flop

the experiments before that happened, I thought it beft to con-

tinue the electrification.

On the fame morning Mr. Gilpin found, that about 120

meafures of the air in the bent tube had been fpontaneoufly

abforbed during the night, the quantity therein being fo much

lefs than it was the preceding evening, though the eleCtrical

machine had not been worked, or any thing done to it during

the intermediate time. The reafon of this in all probability

is, that as the acid was then corroding the mercury, the foap-

lees became impregnated with nitrous air, which, during the

night, united to the dephlogiflicated air, and caufed the dimi-

nution.

Though in reality the event of this experiment was fuch as

to eflablifh the truth of my pofition, that the mixture of de-

phlogifticated and phlogifticated air is converted by the ele&ric

fpark into nitrous acid, as fully as if the experiment had been

flopped in proper time
;

yet, as the event was in fome mea-

fure different from that of my own experiments, and might

afford room for cavil, I was defirous of having it repeated ;

and as Mr. Gilpin was fo obliging as to undertake it again,

the materials were, on February u.put together for a frefh

experiment, in the prefence of moflof the abov.e-mentioned Gen-

tlemen. The foap-lees employed were the fame as before, but

a 83 meafures were now introduced. The dephlogiflcated air was

different,
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different, the former parcel being all ufed- It was prepared,

like the former, from turbith mineral, but was rather purer,

as it feemed to contain only f- of phlogifticated air. The
proportion in which it was mixed with common air was that of

22 to 10; lo that a greater proportion of common air was

now ufed, in confequence of which it was not neceffiiry for

Mr. Gilpin to introduce common air fo often.

On February 29, the refervoir was again filled with air of

the fame kind, in prefence of fome of the fame Gentlemen.

As it was found by the laft experiment that we muft not de-

pend on the figuration of the foap-lees being made known by

any alteration in the rate of diminution, the procel's was

flopped as fioon as the air abforbed was fuch as from my own
experiments i judged fufficient to neutralize the foap-lees-

This was effedted on the 15th of March. The air remaining

in the tube, when Mr. Gilpin left off working, was 600

meafures ; but at the time the produce was examined, it was

reduced to about 120, lo much having been abforbed without

the help of any electrification, which is a {till more remarka-

ble inftance of fpontaneous abforption than what occurred in

the former experiment. A few days after the experiment be-

gan, a black film was formed in one of the legs, which, I

fuppofe, muft have been a mercurial etbiops ; but whether

owing to fome fmall degree of foulnefis in the mercury or tube,

or to any other caufe, I cannot tell. This foulnefs feemed not

to increafe ; but on March 10, when the air abforbed was

about 5200, a whitifh fediment began to appear on the furface

of the mercury.

On March 19, the produce was examined in the prefence of

Dr. Blagden, Dr. Dollfuss, Dr. Fordyce, Dr. Heber-

den, Dr. J.
Hunter, Mr. Macie, and Dr. Watson.

Vol. LXXVIII. O o The
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The mixed air forced into the bent tube from the refervoir was

6650 meafures, befides which Mr. Gilpin had at different

times introduced 630 of common air, which makes in aji

7280, containing 4570 of dephlogiflicated, and 2710 of com-

mon air.

The foap-lees were evaporated to drynefs as before. The
refiduum weighed two grains, blit there were two or three glo-

bules of mercury mixed with it, which might very likely weigh

half a grain. This being diffolved in a fmall quantity of water,,

the following experiments were made with it.

It did not at all diicolour paper tinged with blue flowers.

Slips of paper were dipped into it, and dried ; and, by way

of comparifon, other flips of paper were dipped into a folu-

tion both of common nitre and phlogifticated nitre, and alfo

dried. The former burnt in the fame manner, and with as

flrong marks of deflagration, as the latter.

It had a flrong tafle of nitre, but left alfo a flight metallic

tafle on the tongue.

It did not give any white colour to a piece of clean copper

put into it.

In order to fee whether the whitifh fediment, which was

before faid to be formed in the bent tube, contained any mer-

cury, the remainder of this folution was diluted with fome

more diflilled water, and fuffered to Hand till the white fedi-

ment had fubfided. The clear liquor being then poured off,

the remainder, containing the fediment, which feemed to

amount only to a very fmall quantity, was put on a piece

of bright copper, and dried upon it ; a piece of clean gold was
then laid over it, and both were expofed to heat. Both metals

acquired a whitifh colour, efpecially the gold, but which was
very indeterminate.

5 In
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In order to difcover how nice a teft of alcalinity the paper

tinged with blue flowers was, a faturated folution of com-
mon nitre was mixed with ^ of its bulk of the foap-lees

;

and this mixture was found to turn the paper evidently green
;

lo that, as the folution of nitre contains about twice as much
alkali as the foap-lees, it appears, that if the reflduum had

wanted only part of being faturated, it would have difco-

loured the paper.

from the foregoing trials it appears, that the mixture of

dephlogifticated and common air in this experiment was actually

converted into nitrous acid, and was fufficient not only to fa-

turate the foap-lees, but alfo to diflblve fome of the mercury.

The quantity diflolved, however, was very fmall, and not fuf-

ficient to diminifh fenfibly the deflagrating quality of the ni-

tre; fo that the proof of the air being converted into ni-

trous acid was as evident as if no mercury had been diflolved.

In this experiment, as well as the former, no indication of

the foap-lees becoming faturated was afforded by any ceflation

in the ditninution of the air ; whereas, in my experiments, it

was very manifefl. I do not know what this difference fhould

be owing to, except to Mr. Gilpin’s giving much flronger

electrical fparks than I did. In his experiments the metallic

knob which received the fpark, and conveyed it to the bent

tube, was ufually placed at about 2\ inches from the con-

ductor, fo that the fpark jumped through 2\ inches of air, in

paffing from the conductor to the knob, befides from i \ to 21-

inches of air in the tube ; whereas in my experiments, I be-

lieve, the knob was never placed at the diftance of more than

ij inch from the conductor, and the quantity of air in the

tube was much lefs ; but the conductor and eleCtrical machine

were the fame.

O02 Except
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Except this, the only difference I know In the manner of

conducting the experiment is, fir ft, that Mr. Gilpin ufually

continued working the machine for half an hour at a time,

whereas I feldom worked it more than ten minutes; and, fe-

condiy, that in Mr. Gilpin’s Experiments the common air in

the refervoir bore a lei
s
proportion to the dephlogifticated air

than in mine ; in confequence of which it was necefiary for

him frequently to introduce common air. On this account,

the proportion of the two airs in the bent tube would be conli-

derably different at different times; but on the whole, the

common air ablorbed bore a greater proportion to the dephlo-

gifticated than in mine.

Though the whole quantity of air ablorbed in thefe ex*-

periments is known with confiderable precifion, yet it is

impoliible to determine, with any accuracy, how much of

each kind was abforhed, on account of our uncertainty

about the nature of the air which remained at the end of

the experiment. But if in the laft experiment we fuppofe

that the air abforhed Ipontaneoufly between the 15th and

19th of March was intirely dephlogifticated, and that what

remained. at the end of that time was of the purity of com-

mon air, it will appear, that 4090 of dephlogifticated and

2588 of common air, which is equivalent to 4480 of pure

dephlogifticated air and 2198 of phlogifticated air, were ab-

forbed at the time the electrification was flopped, and confe-

quently the dephlogifticated air is. 4 of the phlogifticated

air; whereas in my fir ft experiment it leemed to be and

in my laft ...

But the quantity of acid produced, and confequently, I fup-

pofe, the faturation of the foap-lees, depends only on the quan-

tity of phlogifticated air abforbed ; and the effeCt of the greater

or lefs quantity of dephlogifticated air is only to make the

nitre
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nitre produced more or lefs phlogifticated. Now, in this expe-

riment, the bulk of the phlogildicated air was i2T
a- that of

t lie foap-lees. I11 my firft experiment it was 1 i-fL, and in my
laft 1 o .i

8
_
0
-

.

As many perfons feem to have fuppofed that the diminution

of the air in thefe experiments is much quicker than it really

is, though I do not know any thing in my Paper which fhould

lead to luppoie that it was not very flow, it may be proper to

fay fomething on this head. As the quicknefs of the diminu-

tion depends fo much on the power of the eleflrical machine,.

I can only fpeak as to what happens with the machine ufed in

thefe experiments. This was one of Mr. Nairne’s patent

machines, the cylinder of which is 12I inches long, and 7
in diameter. A conductor of <; feet long, and 6 inches in

diameter, was adapted to it, and the ball which received the

fpark was placed at two or three inches from another ball,

fixed to the end of the conductor-. Now, when the machine

worked well, Mr. Gilpin fuppofes he got about two or three

hundred fparks a minute, and the diminution of the air during

the half hour which he continued working at a time, varied

in general from 40 to 120 meafures, but was ufually greateft

when there was moft air in the tube, provided the quantity

was not fo great as to prevent the fpark from pafling readily.

The only perfons 1 know of, who have endeavoured to re-

peat this experiment, . are, M. Van Marum, afliffed by M.

Paets Van Trootswyk; M. Lavoisier, in conjunction

with M. Hassenfratz ; and M. Monge. I am not acquainted

with the method which the three latter Gentlemen employed,

and am at a joi's to conceive what could prevent fuch able phi-

lolophers from iucceeding, except want of patience. But M.

Van Marum, in his Premiere Continuation des Experiences3

faites
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faites par le moyen de la Machine eleBrique Teylerienne
, p. 1 82. has

deicribed the method employed by him and M. Van Troots-

wyk. They ufed a glafs tube, the upper end of which was

flopped by cork, through which an iron wire was palled, and fe-

cured by cement, and the lower end was immerfed into mercury ;

fo that the electric fpark palled from the iron wire to the foap-

lees. After fo much of a mixture of five parts of dephlogifti-

cated and three of common air as was equal to twenty-one

times the bulk of the foap-lees * was ablorbed, fome paper was

moiftened with the alkali, which by its burning appeared to

contain nitre, but (hewed that the alkali was not near fatu-

rated. The experiment was then continued with the fame

foap-lees till more of the air, equal to fifty-fix times the bulk

of the foap-lees, was abforbed, which is near double the quan-

tity required to faturate them ; but yet the diminution went

on as fall as ever. It was then tried, by the burning of paper

dipped into them, how nearly they were faturated ; but they

Hill feemed far from being fo.

The circumftance of ufing the iron wire appears evidently

objectionable, on account of the danger of the iron wire being

calcined by the eleCtric fpark, and abforbing the dephlogiffi-

cated air ; and when I firft read the account, I thought this

the moft probable caufe of the-" difference in the refult of our

experiments ; but I am now inclined to think that the cafe

was otherwife. From the manner in which M. VanMarum
exprelfes himfelf, it feems that the only circumftance, from

which they concluded that the alkali was not faturated, was

the imperfefl: marks of deflagration, that the paper dipped into

it exhibited in burning ; which, as we have feen, might pro-

ceed as well from fome of the mercury having been diffolved

* This is rather more than half of that requifite to faturate the foap-lees.

as



Formation of nitrous Acid. 273

as from the alkali not being fatu rated. I am much inclined to

think, therefore, that, fo far from the foap-lees not having

been faturated, the quantity of acid produced was in reality-

much more than fufficient for tins purpofe, and had diflolved
/

a good deal of the mercury , for the quantity of air abforbed

favours this opinion, and the phenomena agree well with Mr.

Gilpin’s firft experiment, in which this was certainly the

caie ; whereas, if the diminution had proceeded chiefly from

the dephlogiflicated air being abforbed by the iron, the tube

towards the end of the experiment would have been filled

chiefly with phlogifricated air, which would have made the

diminution proceed much flower than before; but we are told,

that it went on as fall as ever. It is mofl likely, therefore,

that the apparent difagreement between their experiment and

mine proceeded only from their having continued the procefs

too long, and from their not having properly examined the

produce.

M. Van Marum then proceeds to fay ;
44 Surpris de cette

44 difference de refultat j’envoyai une defcription exa£!e de nos

“ experiences aM. Cavendish, le prianten meme terns dem’in-
44 ftruire s’il pourroit trouver la caufe de cette difference ; et

44 comme la feule difference eflentielle, par laquelle notre expe-

44 rience differoit de celle de M. Cavendish, confifloit en ce que

44 nous avons employe de fair pur produit du precipite rouge ou

44 du minium, au lieu de l’air pur produit de la poudre noire

44 formee par l’agitation du mercure avec le plomb, dont M.
64 Cavendish ne donne pas la maniere de le produire*, je le

44 pria^.

* The ufmg the iron wire formed a material difference in our manner of

conducing the experiment, and one which may, perhaps, have had great

influence on the refult $
but I do not fee how the uflng fome other kind of

dephlo-
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“ priai de me communiquer de quelle maniere il etoit venu a

“ cet air, parceque je defirois de repeter l’experience avec ce

Ci meme air: mais comme il ne m’a fourni aucune elucidation

“ fur la caule vraifcmblable de la difference du relultat de nos

64 experiences, et qu’il ne lui a pas plu de me communiquer fa

“ maniere de produire l’air pur qu’il avoit employe pour ies ex*

“ periences, m’ecrivant, qu’il s’etoit propofe u’en parler dansim
4< ecrit public, la longueur ennuyante de ces experiences nous

“ a fait prendre la refolution de differer leur continuation, pour

46 obtenir une parfaite faturation de la leffive, jufqu’a ce que M.
6t Cavendish ait publie la maniere de produire fair pur, dont il

•4t s’efr fervi, nous contentant pour le prefent cf avoir vu, que
j

“ l’union du principe d’air pur et de la mofette produit de l’acide

“ nitreux, fuivant la decouverte de M. Cavendish.”

As 1 fhould be forry to be thought to have rehifed any ne-

-eefiary information to a Gentleman who was defirous to repeat

one of my experiments, and who by his fituation was able to

do it with lefs trouble than any one elfe, 1 hope the Society

will indulge me in adding a copy of my anlwer; that they

may judge whether this is in any degree a fair reprefentation

of it.

41 TO M. VAN MARU M.

“SIR,
/

’ *

44
I received the honour of your letter, in which you inform

4< me of your ill fuccefs in trying my experiment on the cou-

<dephlogifticated air, inftead of that prepared from Dr. Priestley’s black pow-

der, can in the lead: degree form an effential difference, as in the fame para-

graph in which I mention my having ufed this kind of air in my firft experi-

ment, I fay, that in my fccond experiment I nfed air prepared from turbith

mineral.

verfion
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u verfion of air into nitrous acid by the ele&ric fpark. It is

“ very difficult to guefs why an experiment does not fucceed,

“ unlefs one is prefent and fees it tried ; but if you intend to

u repeat the experiment, your bell way will be to try it with
“ the fame kind of apparatus that J defcribed in that Paper.

“ If you do fo, and obferve the precautions there mentioned, I

u flatter myfelf you will find it fucceed. The apparatus you
“ ufed feems objectionable, on account of the danger of the

“ iron being corroded by abforbing the dephlogifticated air.”

“ As to the dephlogifticated air procured from the black

“ powder formed by agitating mercury mixed with lead, as

“ it was foreign to the fubjedt of the Paper, and as I propofed

“ to fpeak of it in another place, I did not defcribe my me-
“ thod of procuring it. As far as I can perceive, the fuccefs

“ depends intirely on carefully avoiding every thing by which
Ci the powder can abforb fixed air, or become mixed with par-

“ tides of an animal or vegetable nature, or any other inflam-

“ mable matter : for which reafon care fhould be taken not to

“ change the air in the bottle in which the mercury is fhaken,

“ by breathing into it, as Dr. Priestley did, or even by

“ blowing into it with a bellows, as thereby fome of the dull:

<c from the bellows may be blown into it. The method which

“ I ufed to change the air was, to fuck it out by means of an

“ air-pump, through a tube which entered into the bottle,

64 and did not fill up the mouth fo clofe but what air could

“ enter in from without, to fupply the place of that drawn

“ out through the tube.

“ I am, &c.”

With regard to the main experiment, it was not in my power

to give him further information than I did ; as I pointed out

Vol. LXXV1 II. V p the
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&c.

the only circumftance to which, at that time, I could attri-

bute the difference in our refults. And with regard to the

manner of preparing the dephlogilficated air from the black

powder, I have mentioned all the particulars in which my
manner of proceeding differed from Dr. Priestley’s, and

have alfo explained on what I imagine the fuccefs intirely de-

pends ;
fo that, I believe, no one at all converfant in this kind

of experiments will think that I did not communicate to him

my method of procuring that air.
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XVIII. Experiments on the EffeB of various Subfances in lower-

ing the Point of Congelation in Water . By Charles Blagden,

M. D. Sec. R. S. and F, A. S.

Read April 24, 1788.

THE experiments which were necefifary, in order to deter*-

mine what efFedt the admixture of various fublfances

would produce upon the property of water to be cooled below

the freezing point*, naturally led me to a more particular confi-

deration of the power of fuch admixtures in making water

require a greater degree of cold before it congeals. Many cu-

rious queftions occurred on this fubjedt, which could only be

anfwered by frelh experiments. Thefe were made n.early in

the fame manner as the preceding ; that is, the liquor, whofe

freezing point I meant to try, was put into a glafs tumbler,

to the height of two or three inches above the bottom, and

the tumbler was then immerfed in a frigorific mixture of com-

mon fait and ice or fiiow. As the objedt was feldom to

cool the liquor as much as poffible below its freezing point, the

operation required no particular care, but the frigorific mix-

ture was commonly permitted to adt with its full force

:

wherefore, fome parts of the liquor were often much colder

than others ; and particularly, near the top, a thermometer

would ufually Rand feveral degrees higher than toward the

bottom, becaufe the furface was conftantly warmed by the air

of the room.
* Seep. 125. of this Volume.

P p 2 My
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My fird objeft of invefligation was the ratio according to

which equal additions of the fame fubftance deprefs the freez-

ing point. I began with common fait ; and in order to avoid

as much as poffible a fallacy in the experiments, becaufe the

ordinary fait is never pure, and often not perfectly neutral, I

chofe fome clean fait, in fair cryflals, which is fold in London

under the name of Borrowflounnefs pure fait. This fait I

diffolved in diddled water, in various proportions, and found

the correfponding points of congelation to be as is expreffed in

the annexed table ; where the fird column indicates the num-

ber of parts and decimals of water to one part of the fait, and

the fecond column (hews the freezing point found by the expe-

riment. It appeared clearly, on comparing the proportions of

water to fait, with the correfponding number of degrees which

the freezing point was reduced below 3 2°, that the effedt of

the fait was nearly in a fimple ratio ; namely, that if the ad-

dition of a tenth part of fait to the water funk the freezing

point about 11 degrees, or to 21 0
, it would be depreffed dou-

ble that quantity, or to io° nearly, when a fifth part of fait

was diffolved in the water. To (hew, therefore, how far this

limple proportion is exadf, I have added a third column to the

table, which is made by feledting the lowed freezing point

that was obtained without ambiguity in the experiment, and

calculating, by a fimple inverfe proportion, what all the other

points fhould have been according to that ratio. Thus when a

fourth part of its weight of common fait was diffolved in wa-

ter, I found the freezing point of the liquor to be 4
0

; there-

fore, to determine what it fhould be when only f- part of

fait was added to the water, the formula is 32 : 4 :: 28 (the

number of degrees that the point 4
0

is below the freezing

point of pure water) : 3! ; which fubtra&ed from 32° gives

2S0
f
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i8°| for the freezing point of that folution. All the reft of

the third column of the table is found in the fame manner,

and with very little trouble, becaufe 4 x 28 = 1 12 is a conftant

number, which being divided by the numbers of the firft co-

lumn, the quotient is the number of degrees fought. In all

the experiments, none but diftilled water was employed.

Common Salt.

Proportion Freezing Freezing

of water to point by the point by cal-

the fait. experiment. culation.

3 2 : 1

O

2 9 28f
32 : 1 28 + 281

24 : 1 Z
4 * 27!

16 : 1 0 r £O* 2 5
10 : 1 2li 20f

7,8 : 1 18 1

6,2 : 1 14

5 : 1 9 i 9 §

5>5 : 1 7t 7

4 s 1 4 4

The third column is calculated

from the laft experiment, in

which the freezing point of a

folution of one part of fait in

four of water proved to be

+ 4°-

The numbers in the third column of the table come fo near

to thofe in the fecond, that moft likely the fmall differences

between them ought to be afcribed to errors in the experi-

ment ; whence we fhould conclude, that the fait lowers the

freezing point in the fimple inverfe ratio of the proportion

which the water bears to it in the folution.

In the courfe of the experiments made with the different

folutions of this fait, fome phenomena occurred which delerve

further attention.

1. This folution was in oneinftance cooled 8§, and in feveral

5 or 6 degrees, below its freezing point ; but in general it
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fhot rather more readily than fome other folutions; which I

aferibed, from the analogy of ray former experiments, to its

lefs tranfparency. Though the common ialt did not form a

turbid folution, yet there was fomething of a greyifh caft,

much like what is produced by the mixture of a fmall portion

of clay with pure water ; and the caution in conducing the

operation, neceflary to make folutions of this fait cool a cer-

tain number of degrees below their freezing point, feemed to

be nearly the fame as would be required with water equally

tinged by means of clay.

2. When the folution was very ftrong, nearly faturated with

the fait, cooling it tended fomewnat to leflen this greyifh caft,

to render it rather more limpid : as was particularly the cafe in

a faturated folution which I cooled to o°. I fufpedt this effect

takes place when the folution begins to expand with the cold.

3. In the ftrong folutions, when the proportion of fait was

as much as one- fifth, before the real congelation came on

which reduced the whole to one temperature, feveral fmall

ftellated cryftals formed in the liquor, which increafed very

flowly. Thefe were real ice of the fait water; but the cold

being in this cafe very little below the freezing point of the

folution, there was little power to make them fpread ; and

fometimes, when this occurred, I believe, part of the folu-

tion toward the top was rather above than below the freezing

point. Similar phenomena were obferved, and in a ftill more

remarkable manner, in the folutions of fome other falts, al-

ways when they were very ftrong : and it may be given as a

general fa£t, that in folutions approaching to faturation, though

the formation of one glacial cryftal does, as in pure water, tend

to make the whole freeze and come up to an uniform tempera-

ture, yet the fhooting goes on much more flowly, as if the

2 fait
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fait oppofed fome refinance, or at leaft proved an Impediment,

to the progrefs of the cryftallization. By ftirring the folution,

however, when thefe ftellated cryftals once began to form,
v

they quickly increafed in bulk, or became more numerous,

and the liquor afl'umed its freezing temperature.

4. This fait with fnow, in the manner of frigorific mix^-

tures, produced a cold of — 4
0

.

The next fait which I tried for its effect in lowering th«

freezing point of water, was nitre. It was part of a large

compound cryftal, or bundle of cryftals, apparently very

pure, fuch as is ul'ed in manufacturing the belt gunpowder.

This being mixed with the diftilled water, in different propor-

tions, the folutions froze according to the following table.

Nitre..

Proportion Freezing Freezing point

of water to point by the by calculation.
r

the fait. experiment.

32 : 1 30i 30I

24 : 1 3° 3°
16 : 1 281 29
10 : 1 27

r*7 I

8 : 1 26 26

7>9 : 1 261 fait depoffted

7 ; 1 261 l'alt depoffted

f much fait
6,85 :

1

27 1 depoffted.

The third column is calcu-

lated from the fifth experi-

ment, in which the freez-

ing point of a folution of

one part of fait in eight or

water proved to be 26°.

Nitre is well known to differ from common fait in being

much more foluble in warm than in cold water. Hence it

would be nothing remarkable, that the folutions being made in

water
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water above the freezing point, fome of the fait fhould, when

they exceeded a certain flrength, be depoflted before they began

to freeze. Bur a further queftion occurred here, whether,

when a folution was cooled below its freezing point, the fait

would fhill continue to be depoflted; or whether it would not

have parted with all the fait it was obliged to let go by the

time it came to the degree at which it was to freeze, and would

retain the remainder notwithftanding any fubfequent cooling.

To determine this, I noticed carefully the quantities of fait

depoflted at the bottom of the tumbler, in comparifon with

the cold of the folution as (hewn by the immerfed thermome-

ter ; and I found, that in fome cafes (for inftance, when the

fait was to the water only as 1 : 10) the depofition did not

begin till after the folution had paffed its freezing point ; and

that, when it began earlier, flill there was no flop at the freez-

ing point, but the quantity continued augmenting as the cold

of the folution proceeded, and, as far as I could judge, rather

in an increafing ratio. Thus when the faturated folution was

cooled 8 or 10 degrees below its freezing point, which often

happened, the collection of nitre at the bottom was very

great ; and in this manner I could render a faturated folution

of nitre no longer faturated when it came to freeze, the defi-

ciency being fometimes fo great as to raife the point of conge-

lation a degree or more. Hence was afcertained the unex-

pected faCt, that the lower fuch folutions are cooled, the higher

is their freezing point.

The nitre depoflted by the folution as it cooled, formed, if

the vefifel remained at reft, fmall but very white and compaCt

prifmatic or needle-like cr^ftals, of confiderable length, point-

ing different ways, and at laft curioufly interwoven with one

another. But if thefe were broken down, or the folution was

ftirred
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flirred with any force, the remaining nitre depofited itfelf in

fuch minute cryltals as to have much the appearance of a

powder; I fuppofe from the deftru&ion of the regular furfaces

upon which it would otherwife have continued to form.

Frequently, in the stronger folutions, there appeared neat

the bottom and fide of the tumbler many elegant debated

crydals, perhaps a quarter of an inch in diameter, all fepa-

rate, but fometimes crowding very clofe upon one another, fo

as to exhibit a fpe&acle of much beauty.

The ice of folutions of nitre, efpecially when it began to

thaw, was very different from common ice, having a foft

woolly appearance, as if of a more tender and loofe texture.

Something of the fame kind was obfervable in the ice of all

the other folutions, diffidently didinguifhing it from any that

can be formed of pure water.

All the folutions of nitre were remarkably limpid, having

no tendency to an opaque or turbid cad ; and accordingly they

were very eafilv cooled below the freezing paint, and could not

but with difficulty be made to (hoot till they had palled it many

degrees. In two indances they cooled more than 10 degrees;

namely, a folution of one part of nitre in 24 of water cooled

{lowly to 19°!, and then {hooting, the thermometer came up

to 30° ; and another folution, in which the nitre was to the

water as 1 : 10, cooled rather below 160
, and having produced

fome flellated crylfals, rofe, when the perfect congelation took

place, up to 2

7

0
.

As, when’ pure water is cooled below its freezing point, the

lead particle of ice or fnow brought into contact with it caufes

an in Ifant congelation, I was curious to know whether the

fame effedl would be produced when falts were diffolved in the

water. Therefore, having one of thefe nitrous folutions, whole

Vol. LXXVIII. Q.q proportions
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proportions were 8 : 1, I cooled it to 2

4

0
, about two degrees

below its freezing point, and then, no fait being depofited, I

put into it a fmall bit of ice. The eftefl of this was not in-

ftantaneous, as in pure water, though ultimately the fame ;

the bit of ice gradually enlarged, and when it was ftirred

about in the liquor, a number of ftar-like cryftals formed,

which being fcattered through it foon brought it to an uniform

temperature of 26°. This fame folution, when cooled in a

preceding experiment to 18
0
,
had its freezing point at 2

7

0
,

from the quantity of nitre that had been depofited. I11 all

folutions, therefore, of fuch falts as are much more foluble in

hot than in cold water, if it be defired to find their freezing

point when they are loaded with as much of the fait as the

water can contain at that temperature, the moft effectual me-

thod is to oblige them to (hoot, as foon as they can be made to

do fo, by putting in a fmall bit of ice or l'now ; for thus the

fallacy which might otherwife arife from the deposition of

lome of the fait will be avoided.

A doubt having been fuggefted, whether the contact of a

cryftal of fait might not alfo bring on the congelation, that

experiment was tried, but it produced no effect. Indeed, the

formation of faline cryftals in thefe experiments, the liquor

ftill remaining fluid, was a fufficient proof to the contrary.

There is another phenomenon which I thought took place in

folutions of nitre and fome other falts, but could not abfolutely

fatisfy myfelf concerning it; namely, that the depofition of

fome fait baftened that of the remainder. For inftance, fup-

pofe that a folution of nitre in the proportion of 1:8, would

retain the whole of its fait at its freezing point of 26°; then,

if another folution were made much ftronger, it wTould begin

to depofit its fait before it came to 26°; and when cooled to

26°,
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26°, it would not have juft loft the difference between the pro*

portions of 6 : 1 and 8:1, but would have depofited more of

the fait, fo that now at 26° it would contain perhaps only a

tenth of nitre ; as if the formation or exiftence of fome cry-

ftals in the folution facilitated the reparation of the fait, or

conftituted an attractive power counteracting the attraction of

the fait to the water. It would have required a particular fe-

ries of experiments to afcertain this as a faCl ; but feveral

obfervations incline me to believe it is fo; and the con-

fequences to be drawn from it would be fufficiently curious,

and applicable to many points of theory. Of the fame

nature, perhaps, is another circumftance already hinted

at, that after the folution has begun to form cryftals of

nitre, the depofition proceeds with increafed rapidity as the

cooling goes on. This may, indeed, be owing to the attrac-

tion of the water to the fait decreafing in a progreftive ratio

with each degree of cold ; but it may alfo depend on the

attraCling furfaces being multiplied as more cryftals are formed :

and ftirring the liquor feems to haften the progrefs of the de-

pofition ; which may be aferibed to its bringing frefti portions

of the folution perpetually to thofe attracting furfaces ; for, if

there be fuch an attraction, it can fcarcely be fuppofed to take

place at any fenfible diftance.

Upon the whole it feems evident from the preceding table,

that the effeCt of nitre, like that of common fait, is to de-

preis the freezing point in the limple ratio of its proportion to

the wTater ;
which wr

ill be found univerlally true when allow-

ance is made for the depofition and other fources of fallacy

already enumerated.

This nitre produced, with fnow, a cold of between 26° and

2 7

0
.

Q.q 2 As
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As nitre funk the freezing point of water fo little, namely,

but 6 degrees, I had recourfe for the next fet of experiments

to that neutral fait which, after fea fait, produces the greateft

cold with ice; which is, the common fai ammoniac. The

different folutions of this fait in water, being fubmitted to the

adlion of the frigorific mixtures, froze according to the follow-

ing table.

Sal ammoniac.

Proportion Freezing Freezing point

of water to point by the by calculation.

the fait. experiment.

3 5>

7

: 1

O

24 l

0

24 ? The third column is calcu-

jo : 1 20§ 20 lated from the laft experi-

9,8 : 1 20 I9l ment but one, in which the

7 > 9 • 3 i6f id| freezing point of a folution

6 : 1 12 12 of one part of the fal am*

5 : 1 8 8 moniac in five of water

4 : 3 4 fait depofited proved to be 8°.

In this table alfo the numbers of the third colum agree fuf-

ficiently with thofe of the fecond to fhew, that fal ammoniac,

like the two preceding falts, deprefles the freezing point in the

fi tuple ratio of the proportion in which it is mixed with the

water.

The following is the account, as written at the time, of the

experiment where the fait was to the water as 1 r 5. “ This

“ folution cooled down to 2° at bottom, but the frigorific mix-

“ ture being infufficient, the top remained at io°. The tum-
“ bier was then taken out, and the frigorific mixture being

refrefiied by fining and the addition of new materials, it

“ was
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“ was replaced, when Ice foon began to form at the bottom,
“ like feathered cryftals, which however (hot out very flowly.

“ But upon ftirring the folution, a vaft number of ftellated

“ feathered cryftals prefently formed in it, the thermometer
“ rofe immediately to 7°!, and was foon got to 8

C
.” I have

tranfcribed thefe remarks, not only becaufe they elucidate

fome of the phaenomena mentioned in former experiments, but

likewife on account of the ftriking analogy the cryftals bore to

the configurations obferved in a drop of the folution of this

fait viewed with the microfcope. As the drop dries, great

numbers of feathered cryftals Ihoot out from its edges, and

fome more perfect ftellated cryftals are often formed in the

middle; of which a pretty exadl reprefentation may be feen in

Baker’s Employment for the Microfcope (p. no. PL II.).

The refemblance of both kinds of cryftals, in thefe two dif-

ferent fituations, is very great; and their particular figure is

probably due to the fame caufe, a confufed and conftrained

cryftallization, occaftoned in the one cafe by the hafty evapo-

ration and want of room in the drop, and in the other cafe by

the watery congelation afting upon and embarrafting the natu-

ral tendency of the fait.

A ftronger folution of fal ammoniac, the proportions being

1 : 4, exhibited a ftitl more beautiful appearance ; for, be-

fide the feathered cryftals at bottom, and the ftars floating in

the middle, a third fort of cryftals, moft refembling the ftars,

attached themfelves to the ftdes of the tumbler, and were feen

through the glafs as compofing a great variety of brilliant

j'acettes. In this experiment the folution was reduced below 1%

before any congelation began to take place, and a certain quan-

tity of the fait fell to the bottom in the form of a white pow-

der, about as much as reduced the liquor to the ftate of a

faturated
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faturated folution at the freezing jaoint, which therefore, when

the congelation took place, proved to be 4% inftead of 2°, the

number that would have anfwered to this proportion of fait.

It has been a queftion much contefted, whether faline folutions

depoflt their fait upon freezing. That fome feparation, or a

tendency to feparation, takes place, many fafts concur to

prove ; and among the reft fome phenomena obferved in the

above-mentioned experiments. For inftance, the ftellated

cryftals, when firft formed, were barely fufpended in the wa-

ter, and fometimes they even gradually fubfided to the bot-

tom ; which fhews, that they confifted of fait chiefly, only

invifcated with ice, or at leaft of an over-proportion of fait

:

for the principal mafs of ice formed in a faturated folution

floats in it like common ice in pure water. Befldes, it was

almoft conftantly found, that when a cruft of ice, which had

been formed in a faline folution, began to thaw, a thermome-

ter thruft into it rofe fomewhat higher than the point at which

it had become ftationary when the congelation took place ; an

indication that a lefs proportion of fait was prefent in it than

had been in the whole folution. And if, after any folution

had fhot and formed a quantity of ice, the tumbler were

ftill kept in the frigorific mixture, the thermometer immerfed

in the liquor gradually funk lower and lower, as the congela-

tion proceeded. But thefe very obfervations ftievv, that the

feparation is far from perfect ; as the rife of the thermometer

in the former cafe, or its defcent in the latter, never exceeded

one or two degrees, under a great variation in the quantity of

ice in the folution.

Sometimes in folutions of fal ammoniac, and fuch other

falts as feparate by the cooling of the water, a fort of floccu-

leut fubftance is formed, which fubfides in the water, and

thereby



the Point of Congelation . 289

thereby is didinguilhed from the proper ice of the folution,

which it otherwife much refembles in appearance. It is com-

pofed principally of the depofited fait, in very minute cryftals

like powder, invifcated and kept together with a little ice.

Though fal ammoniac forms a tolerably tranfparent folu-

tion, yet I perceive that in thefe experiments it was in few in-

dances cooled much below its freezing point ; the mod: was

nine degrees. I believe this to have been accidental, from no

«

particular attention being now bellowed on that object.

The fal ammoniac, mixed with fnow, produced a cold of

from 4
0
to 4°f of Fahrenheit’s fcale.

Of all the folutions fubmitted to thefe experiments, there:

were none more tranfparent and elegant than thofe made with

Rochelle fait. The water diffolved a large proportion of this

fubfhnce, and had its freezing point funk according to the

following table.

Rochelle fait.

Proportion Freezing Freezing point

tf water to point by the by calculation.

the fait. experiments,

10 : 1 291
O

29J

5 : 1 271 zji

4 * 1 261 26 j

2,6 : 1 24 2 3 i

2,25 : 1 22§ 22|

2 : 1 21 21

3,6 : 1 24 fait depofited

The third column is calcu-

lated from the lad: experi-

ment but one, in which
the freezing point of a folu-

tion of one part of the

Rochelle fait in two parts of

water proved to be 21 0
.

All the folutions of Rochelle ialt bore to be cooled remarka-

bly well. In one indance the liquor funk 1 1 § degrees below

1 its
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its freezing point ; namely, the folution of one part of the

fait in five of water, whofe freezing point proved 27°!, and

which cooled to 1
6° before the cryflals of ice fhot. I11 two other

inftances it funk fully nine degrees below its freezing point.

And, as already has been mentioned, the folutions of this

fait are remarkably tranfparent.

In trying the greatefl: cold to be obtained by mixing Ro-

chelle fait with fnow, I could get the thermometer no lower
*

than 2

4

0
.

Glauber’s fait likewife was fubje£fed to the experiments,

but its utmoft effect in producing cold with fnow appearing to

be only two degrees, this was too fmall a fcale for fettling any

thing as to the ratio. A folution of it in water, in the pro-

portion of 1 15, cooled readily to 31
0

; but the fait was depo-

fited in great quantities, and often fo faff, as to flop the cool-

ing of the bottom of the liquor entirely, though the veffel

was immerfed in a ftrong frigorific mixture. This pheno-

menon has been obferved before ; but does not take place, to

the fame degree, in the folutions of any other fait with which

I am acquainted, though I evidently perceived fomething of

it in the flrong folutions both of nitre and of fal ammoniac.

It is exa&ly the converfe of the cold produced by diffolving

falts in water ; for as there fome heat is abforbed, and becomes

latent, by the change of the fait from a folid to a fluid {fate, fo

here fome heat is evolved as the fait aflumes the folid cryflal-

line form. The effect is fo much more manifefl with Glau-

ber’s fait only, I imagine, becaufe the formation of the cry-

ftals proceeds fo rapidly ; whence the quantity of heat gene-

rated equals or exceeds the cold communicated by the freezing

mixture. Some odd appearances are produced by this fudden

flop
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flop of the cooling, and the rapid depofition of fait; for

inftance, a particular ebullition in certain parts of the liquor

;

but any intelligible defcription of them would be too minute.

Thefe were all the falts with an alkaline bafis which I tried.

They all agreed as to the chief obje& of thefe experiments,

namely, to determine how much the freezing point of water

would be funk by dilfolving them in it in various proportions ;

which by thefe experiments appears to be, as nearly as could

be determined, according to the fimple ratio of the proportion

each fait bears to the water.

I now refolved to try a few falts with an earthy and metallic

bafis.

The common fal catharticus amarus of the {hops was the

fpecimen I ufed of an earthy fait. It formed a turbid inele-

gant folution, as if dirty; and with various proportions of

water produced the following points of congelation.

Sal catharticus amarus.

Proportion Freezing Freezing

of water to point by the point by

the fait. experiment. calculation.

16 : 1

O

3 r

O

3 l

10 : 1 30
3°J

4 • 1 281 28

3 : 1 26* 264.

2,4 : 1 2 5 l 25I

The third column is calculated

from the lafi: experiment, where

the freezing point of a folution

of one part of the fal catharti-

cus amarus in 2,4 of water

proved to be 25°^.

No fait was depofited from the ftrongefi: of theie folutions ;

and as that which I ufed was a deliquefcent ialt, it muft pro-

bably have been in a valt proportion to the water, before any

Vot. LXXVIIL R r fuch
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fuch effect would have taken place. I have funk a thermo-

meter with it and fnow to *f\ ; which, according to the pro-

portions in the table, would make more than three parts of

the fait to two of water. Accordingly, a large quantity of

the f\lt was required to the fnow.

No particular phenomenon was obferved with this fait, except

the lingular configuration of its ice, which affumed the form

of fungi, or of fome kinds of lichen, with feathered ftrie.

•The folutions were difficult to cool much below their freezing

point.

Of the falts with a metallic bafs, green vitriol affords one

of the mod tranfparent folutions in water. It finks the ther-

mometer nearly to 27°! with fnow, and reduced the freezing

point of,.water according to the following table.

.

*

Green vitriol.

Proportion Freezing Freezing
of water to point by the point by
the fait. experiment. calculation.

10 : 1

O

3°i
O

3 l

6 : 1 3°i . 3°i
4 • 1 29 ! 29!

3 : 1 281 281

2,4 : 1 28 28

The third column is calculated

from the laft experiment, in

which the freezing point of a

folution of one part of the green

vitriol in 2,4 of water proved

to be 28k

The ice formed by thefe folutions affumed a foliaceous confi-

guration, with a texture of penniform ffriae, in fome refpedts

like the appearance exhibited by a drop evaporating under a

microfcope, as delineated by Baker. Scarcely any fait gave

the point of congelation fo regularly in the proportion of the

quantities mixed with the water, and none afforded folutions

4 which
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which cooled more eafily and readily below the freezing point.

In two inftances the cooling was more than n degrees.

Having found that white vitriol, mixed with fnow, pro*

duced a cold of 20% melting the fnow remarkably fall, I was

induced to try the freezing point of its folutions. But though

it diflolved very readily in water, yet the liquor it formed was

fo turbid and thick, that little fatisfadtion could be derived

from the experiments. The only numbers to be relied upon

are the following, which agree fufficiently with the general

refult.

White vitriol.

Proportion Freezing Freezing

of water to point by the point by

the fait. experiment. calculation.

10 : 1

O

3 1

O

3 1

5 : 1 29! 3°

3 : 1 281 28*

The third column is calculated

from the laft experiment, in

which the freezing point of a

folution of one part of the

white vitriol in three of water

proved to be 28°^..

Thefe folutions cooled very ill, none of them having funk

much below the freezing point, and the ftrongeft, which had

a copious fediment, forming a cruft: of ice at the bottom of the

tumbler, before it was reduced at all below the term of con-

gelation.

M. Achard, of Berlin, having alledged*, that borax in-

ftead of railing the boiling point of water, like other faline

fubftances, very fenlibly deprefles it, I determined, how-

ever extraordinary the fadt might appear, to try whether it had

* See Crell’s Chem. Annalcn, 1786, Vol I. p. 501.

R r 2 any
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any peculiar effeCt on the freezing point. But having made

the experiment with nearly a faturated folation of borax, the

thermometer when it congealed was evidently below 32
0

: I

believe about a degree.

As a neutral or middle fait, which when crydallized is al-

ways nearly of the fame nature, anddiffolves in a regular pro-

portion in water, feemed likely to afford the mod: fimple cafe

of the effect of extraneous admixtures, it was with fuch that

1 began thefe experiments. But having found that with them

the fimple ratio prevailed, I proceeded to try fublfances of a

more variable nature, and capable of being mixed with water

in almod any proportion ; fuch as acids, alkalies, and ardent

fpirits. A material difference in the law, which feemed to

occur in thefe new experiments, renders it proper to defer the

account of them till fome reflections on the preceding fa£ts,

with a few additional experiments to which they gave rife,

have been premifed.

It is now, I believe, univerfally allowed, that in frigorific

mixtures the melting of the fnow or ice is the principal caufe

of the cold produced ; all that heat which mud become latent

in order to give water its fluid form being taken from the fen-

iible heat of the ingredients. But as, when crydallized falts

are employed for the purpofe, thefe alfo are reduced to a liquid

form, there mud, from this circumdance, be fome additional

cold produced, fuch for indance as would be occafioned by dif-

folving the fame fait in water. Suppofe then that the latent

heat of water is 1 50 degrees, and that fal ammoniac, in diflolving

to faturation, produces fo much cold as finks the whole folution

about 200
; it is evident, that if this fait and ice are mixed

together in fuch proportions as judto melt one another, the total

cold generated in the operation mud amount to 170 degrees.

2 And
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And fo much a&ually is produced before the whole liquefa&ion

is effected ; and yet a mixture of thefe two fubftances will fink

the thermometer no lower than to 4
0 of Fahrenheit’s fcale.

The conlideration of this apparent difficulty has led to the

fuppofition, that a certain quantity of fire is contained in the

cryftals of the fait, which being difengaged in the folution

keeps up the mixture to a certain temperature*. But I con-

ceive, that the phenomenon depends (imply on the gradual

liquefaction of the ingredients, a neceffary confequence of the

cold produced. A faturated folution of fal ammoniac freezes

itfelf at 4
0

; therefore, when the mixture is reduced, by the

liquefaction of the ingredients, to that temperature, no more

of them can melt, becaufe any addition of cold would freeze

what is already melted ; and if the mixture, under luch cir-

cumftances, were placed in an atmofphere of its own tempera-

ture, the ingredients would remain for ever in that fame date,

without any further liquefaction. But in an atmofphere

warmer than 4
0
,
they continue to melt, more or lefs fiovvly, as the

heat which is gradually communicated furnilhes what is necef-

fary to become latent. This communicated fenfible heat being

immediately converted into latent, the mixture will always be

kept down to the fame temperature as long as there is a fuffi-

cient mafs of unmelted materials ; and it can fink no lower,

becaufe then the liquefaCtion would be (lopped ;
confequently

fuch mixtures mud prelerve, as they have been found to do, a

pretty uniform temperature, fo as to have been formerly ufed

for graduating thermometers. And the whole cold produced,

or, to fpeak properly, the whole of the heat made to difap-

pear, I prefume to be ultimately equal to the full quantity of

latent heat belonging to the diffolved ice and fait.

* D

e

Luc’s Idces fur la Mcteorologie, Tom. I. p. 201-

According
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According to this explanation, the greateft cold to be pro-

duced .with any fait and ice or fnow fhould be that with which

a faturated lolution of the fame fait freezes; which was for-

merly eftablffhed by M. De Luc as a fa<5t, and is in general

conformable to the preceding experiments. Thus, when a

folution of one part of fal ammoniac in four parts of water was

put into the frigorific mixture, lome of the fait was depofited,

and then the folution on freezing railed the thermometer to 4
0
,

which is exadfly the cold produced by a mixture of the fame

fait with fnow. Likewife the ftronger folutions of nitre had

their freezing point between 26° and 27
0

; thofe of green

vitriol near 28°
3 and fo of moft of the other falts, correfpond-

ing with the cold of their frigorific mixtures. This agree-
'

ment, however, is liable to be modified by feveral circum-

ftances. For in fiance, if the fait be of that nature that more

of it is held in folution in warm than in cold water, it becomes

extremely difficult to have the folution, at the moment iu

freezes, exactly loaded with that quantity of fait which is moll:

advantageous for acting upon the ice or fnow. Too much may

have been depofited by the cooling previous to the congela-

tion ; or fome refinance having occurred to the cryftallization

of the fait, more of it may be retained at the moment of

congelation than properly belongs to the folution at that tem-

perature. The purity of the falts likewife, their particular na-

ture as inclined to deliquefce or to fall down in powder in the

air, the rapidity of their adlion upon the ice or fnow, mull:

neceffarily be taken into the account, as influencing the degree

of cold they can produce.

It is an evident corollary from the above-mentioned agree-

ment, that if the freezing point of the folution of a fait in

water in any known proportion be given, its degree of folubi-

lity
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lity may in general be afcertained, merely by trying the greatest

cold it will produce with fnow.

Notwithstanding this ufual correfpondence between the

greateSt quantity of a hilt that could be diflolved, and the

greatefl degree of cold it would produce, compared with the

freezing point of its folution, I faw reafon to believe that, with

fome halts at leaf!:, an irregularity took place in this refpetl.

The Rochelle fait, mixed with fnow, did not fink the ther-

mometer lower than 240
;
yet the freezing-point of a folution

of one part of it in two of water appears, by the numbers in

the table, to have been 21°. It is remarkable, however, that

in the experiment with a hill Stronger folution, where fome ol

the fait was depofited, the freezing point came down to 24 '.

Likewife the folution of white vitriol, whofe freezing point

was 28°!, depofited a copious fediment, and yet produced

with fnow a cold of 20°. This fediment did not look like cry-

stallized fait, but gave a turbid appearance to the whole folu-

tion. The mod remarkable circumftance of this nature, I

think, occurred with the purified common fait ; which, when

mixed with fnow, funk the thermometer only to - 4
0

. By

experiment I found that one part of this fait would difl'oive in

about 2°i of water. Now, if the proportions of 1 to 4 give

the freezing point at + 4
0

, as by the table; 1 to 2\ would,

upon the general analogy, give it between - 1
2" and -13'’;

that is, 8 or 9 degrees lower than the greatefl cold the fait

would produce with fnow. This circumftance leads to a ful-

picion, that however uniform the preceding tables appear, yet in

realitv fomething of a decreasing ratio exifts, and that each

fubfequent addition of a fait does not deprels the freezing point

quite fo much as the preceding. I11 thole falts where the

whole quantity of depreffion is but fmall, and in the upper

part
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part of the fcale in thofe which have a greater effect, this pro*

grefiion may be infenfible, or be incapable of determination by

fuch experiments as thefe, which by their nature do not admit

of extreme accuracy.; but it may become fufficiently obfervable

toward the laft additions of fuch lalts as are foluble in great

quantity, and fuch as alter very much the freezing point. I

never fucceeded to freeze the faturated folution of this Bor-

rowftounnefs common fait, though it has been cooled feveral

degrees below — 4
0 without depofiting any of its fait ; if the

experiment were made in a cold fufficient for the purpofe, it

would fhew whether any irregularity takes place in the a&ion

of this fait upon fnow, or whether fuch a decreafing ratio

does exift. Perhaps, however, the whole may depend upon

the principle alluded to formerly, that the prefence of fome

fait favours the depolition of more : for when a fait is mixed

with fnow, it may in this point of view be conlidered as in

the fame jjate with a faturated folution of the fait which has

fome of it remaining undilfolved ; and which, therefore, will

not contain more than properly belongs to it at the given tem-

perature ; and the cold of fuch a frigorific mixture Ihould be

no greater than that of the freezing point of the faturated fo-

lution under thofe circumftances.

As it is well known that water, after it has been faturated

with one fait, will take up a certain portion of another fait

without depofiting any of the former, I was curious to try

what effect the addition of this fecond fait would produce on

the freezing point ; and particularly whether it would deprefs

the freezing point of the faturated folution the lame number

ol degrees that an equal proportion of the fame fait would

deprefs the freezing point of water; and whether the fame

fimple
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fiaiple ratio would hold good, or any new law take place. To
bring this to the tell: of experiment, I took a faturated folutiou

of nitre, whofe freezing point of courfe was between 26° and
2 7° : an^ adding to it the purified common fait in various pro-

portions, 1 obtained the following re fults.-O

Compound folution of nitre and common fait.

Proportion of

water to the

nitre.

A fa tu rated

folution.

Proportion of
|

Freezing Freezing
1

Difference.water to the point by the point by
common fait. experiment. calculation.

O O 0

30,2 : 1 2 1 7z yz 22| 3
4

J 5 : 1 20

1

l 9 if

10 : 1 * 7i
0 L~ 4

7A : 1 l 3 i 1 1 1 2

5 : 1 5 * 4 1 1

1 he folution of nitre was one that had been made fome

time, and contained near one-fixth part of nitre, confequently

more than the water could keep diffolved in the temperature of

the atmolphere, which was then not much above 40°. Some
of it therefore was depolited at the bottom. This, however,

the addition of a TV part of common fait foon enabled the water

to take up, and the two falts formed together a clear folution.

In the frigorific mixture, before the congelation took place,

fome faline cryftals were again depolited, which feemed to be

chiefly, if not entirely, nitre. In the temperature of the air

this depolit was re-diflolved
; and on attending to the circum-

ftances more carefully, upon a repetition of the cooling, I

found, that no fait began to be depolited till the folution was

reduced to 23°, when fome needle-like cryftals appeared, which

confequently were nitre. The folution cooled about a degree

more, and then, having let fall much fait, partly as cryftals

Vol. LXXVIII. S f and
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and partly, by ftirrmg, as a powder, It was made to congeal

by dropping in a bit of fnow, and the thermometer rofe to

22°l. When more fait was added, to render its proportion to

the water as i : i the nitre feemed fill more difficultly depo-

rted in the freezing mixture ; and this continued to be the

effect of further additions of fait, the depofftion of faline

matter previous to the congelation being always lefs, in pro-

portion as the quantity of common fait was greater.

It is evident from the freezing points of this compound fo-

lution, that the common fait depreffed the freezing point of

the folution of nitre fomething lefs than it would have de-

preffed the freezing point of water, if added to it in the lame

proportion. To Ihew this more evidently, I have added a

fourth and a fifth column to the table: the fourth column is.

formed by taking the freezing point of the faturated folution

of nitre as 26T, and then finding how many degrees the

quantity of common fait added would have depreffed the freez-

ing point of water ; this number of degrees, fubtraded from

the conftant number 26° i, gives the freezing point by calcu-

lation ; namely, what it Ihould have been if the fait had pro-

duced the fame effed upon the folution of nitre as it would,

upon pure water ; and the difference between this and the

freezing point found by the experiment gives the numbers in

the fifth column. From the table it is apparent, that the defi-

ciency of effed from the fait goes on increafing to the third

experiment, after which it aecreafes. Probably fome particular

law takes place, which it would require a great number ofexpe-

riments to develope ; but the decreafe toward the laft may in

part be owing to the greater quantity of nitre which the water,

when it began to be loaded with common fait, retained at the

time of congelation, and which muff have its effed in

ij depreffing
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depreffing the freezing point. The above-mentioned circum-

•ftance feems rather contradiaory to an opinion which has been

entertained, that when one fait, added to a faturated folution

of another fait, enables it to take up more of the former fait,

it is only becaufe the water of cry ftallization of the fecond ialt

really adds to the quantity of the diffolving fluid.

I next proceeded to try a flmilar experiment with fal ammo-

niac and the purified common fait, but with this difference,

that neither fait flaould be added to the water in Inch quantity

as to come near the point of faturation, fufpeding that the

diminution of effecff obferved in the foregoing experiments

might depend, in part at leaft, upon this circumftance. The

faUmmoniac, therefore, was diffolved in water in the propor-

tion of 1 : 10, and the correfponding point ot congelation ap-

peared by experiment to be 20T, agreeing very well with the

table of fal ammoniac formerly given. To this folution was

added the purified common fait, in proportion to the water as

, : ic, and then as. : .0; the refulting points of congelation

were as is fhewn in the following table, conftrufted 111 al re-

fpects as the immediately preceding.

Compound folution of fal ammoniac and common fait.

Proportion of

water to the fal

ammoniac.

Proportion of

water to the

common fait.

Freezing

point by the

experiment.

Freezing

point by

calculation.

Difference,

IOII
10 : 1

I5*.I

10 : 1

O

I 2

1

9l

O

*3

9r
I

z "3

Hence it appears, that in this compound folution both falls

.duced, as exactly as the experiments can be expefted^to

• S f 2 5
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ihew, their full effect in depreffing the point of congelation.

When the folution's- at length froze, after cooling many de-

grees below the freezing point, the cryftals Riot in a very beau-

tiful manner round the bulb and up the Idem of the thermo-

meter.

In a compound folution of Rochelle and. common fait there

was, however, a deficiency of effedt. For the folution of

Rochelie fait in the proportion of one part to four of water,

having its freezing point at 2 6°f- ; when common fait was

diffolved in it, in the proportion of Titf
th, the freezing point

appeared by experiment to be i6°f, whereas by calculation it

lhould have been deprefed nearly to 1

5

0
.

A compoftion of three falts was affedted as follows r

Compound folution of Rochelle fait, common fait, and fal

ammoniac.

Proportion

of water to

the Rochelle

fait.

Proportion

of water to

the common
fait.

Proportion

of water to

the fal am-
moniac.

Freezing

point by the

experiment.

Freezing

point by

calculation.

*

Difference.

9,8 : 1 10 : 1 17 : 1

O 0

,

Ilf
O

“ If

The computation is made thus : Rochelle fait, in the pro-

portion of 1 : 9,8, depreffes the freezing point ; common

fait, in the proportion of 1 : 10, finks it ii°| ; and fal am-

moniac, in the proportion of 1 : 17, finks it 7
0

; now 2|-f-

1 1 i + 7 = 2o\ ; which, fubtradted from 32, leaves I i
r

f for the

computed freezing point of this mixture.

The moment I had found by experiment that the addition

of a different fait to the faturated folution of any fait would

Rill further deprefs its freezing point, it was obvious to con-

7 elude,
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elude, that greater cold could be produced with fnow by a

mixture of falts than by means' of either taken feparately

I made feveral experiments with this view, aq.d found it uni-

formly the faQ, that by adding a certain proportion of a fait

which had lets power of producing cold with fnow, to one

which had a greater power, the frigorific effect of the latter

was fenfibrly incrcafed. Palling over examples of lefs confe-

quence, it will be fufficient to inftance common fait and lal

ammoniac. The ordinary common fait I ufed to mix with

fnow, funk the thermometer to — 5
0

; the fal ammoniac to + 4
0

;

but when fome of the latter fait was mixed with the former,

the compofition produced with fnow a cold of - 12 0
. I did

not carry the experiments far enough to determine the propor-

tions which anfwered heft, but faw evidently, that a confidera-

ble variety in this refpedt occafioned fcarcely a perceptible, dif-

ference : more fal ammoniac was, however, required, than

that proportion of it to the common fait, which ought, by

computation, to have funk a faturated. folution of the latter 7

degrees. On feveral occafions 1 made ufe of this compofition

to obtain a greater degree of cold than common fait alone

would produce, and found it a very convenient method.

On this principle it is that impure common fait always

makes a ftronger freezing mixture than the pure; it being, in

fa£t, a compofition of falts. I have feen three falts produce a

greater cold than two, but have not carried the experiments

far enough to afeertain the limits of this effedt *.

Ma .

* The curious experiments, related in the Philofophicat Tranfa&ions for

2787, p. 282. of producing a great degree of cold by diflolving a mixture

of falts in water, depend in part upon the fame principle, the water being

capable of reducing more fait from a folid to a fluid flate when feveral kinds are

employed.
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M. de Reaumur propofed to try what cold gunpowder

would produce with fnow, as a ted: of its goodnefs, that is,

of the purity of the nitre in its compofition. It is evident,

from what has been delivered above, that if any faline impu-

rity be mixed with the nitre, a frigorific mixture formed with

the compofition will be lo\yer than 26T5 a greater or lefs

number of degrees, according to the nature and quantity of

the impurity ; and if it be only common fait, the proportion

of it to the nitre may be thus determined pretty nearly.

As the cold produced by common fait with fnow is - 4
0
or

more, and by fal ammoniac + 4
0
, it is difficult to conceive in

what manner Fahrenheit fixed the zero of his thermometer.

All thofe who have examined the few authentic paffages to

be found in authors upon this fubjedt, will be fenfible how

vaguely they are expreffed, leaving it doubtful whether he

ufed common fait alone, fal ammoniac alone, or both mixed

together. There is no method of finking a thermometer

exadly to o° with thefe falts and fnow, but by means of a

certain fmaller proportion of common fait added to the fal

ammoniac ; and it would have been an extraordinary chance,

that Fahrenheit ffiould hit precifely this proportion often

enough to make him rely upon the point fo found as the

commencement of his fcale ; more efpecially as the proportion

employed, than it could of one of the kinds only. A remarkable fa<5t of this nature,

as I imagine, is recorded fo early as in the Memoirs of the French Academy of

Sciences for 17GO, p. 1 1 6. “On prend une livre de fublime corrofif, er une

“ livre de fel ammoniac; on les puiverife chacun a part; on mele enfuite les

“ deux poudres tres exa&ement
;
on met le melange dans un matrns, verfant

“ par-deffus trois chopines de vinaigre dift.il le ;
on agite bien le tout: et ce nie-

<l lange fe refroidit fi fort, qu'on a peine a tenir long-terns le vaiffeau dans les

“ mains en ete. 11 eft arrive meme quelque fois a M. IIomberg, que faifant ce

“ melauge en grande quantity, la matiere s’elt gele.”

IS
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is probably no greater than a feventh or a fixth of common

fait to the fal ammoniac. Is it poffible that Fahrenheit,

finding a confderable difference in his experiments, took the

mean between them for his zero, without any rdpedt to the

different nature of the l'alts with which he operated ? It ap-

pears, that he was at this time id little acquainted with the

fuhjedt, as to coiifder his zero as the utmofl limit of cold.

I come now to certain fobfauces which, by equal additions,

feem to deprefs the freezing point of water in an increijing

ratio . Thefe, as was mentioned before, are acids, alkalies,

and fpirit of wine. I judge this to be the cafe from the fol-

lowing experiments, though they are by no means fo full and

extenlive as I could have wifhed to make them, had leifore

permitted.

The fpecifc gravity of the vitriolic acid I employed was

1,837 at 62° of heat; its effedt upon the freezing point is

fhewn by the following table.

Vitriolic acid.

Proportion Freezing Freezing

of water to point by the point by

acid. experiment.

O

calculation.

C

10 : i 241 22|

5 : 1 12 i 12*

4 : 1 7i « 1

/ *

This table is confrudled in the fame manner as thofe for-

merly given of the folution of fmple fairs ; the laf experi-

ment, where the proportion is 4 : 1, being taken as the fan*

dard for computation ; and the extreme difference between,

the calculation and experiment is no lefs than 2°1, upon a

reduction
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reduction of the freezing point from 24°$ to 7°!* The freez-

ing point, fet down in the table, is that to which the liquor

rofe upon congealing, after having been cooled feveral degrees

lower; which it is proper to remark, becaufe the ice rofe .two

or three degrees in thawing.
*

The nitrous acid I employed was fmoaking, and had its fpe-

cihc gravity 1 ,454. It adted on the freezing point according

to .the following table, which is confer ucted in all refpedfcs like

the preceding.

Proportion of Freezing Freezing

water to acid. po-int by 1 point by

experiment. calculation.

x 6,3 : 1 261
O

10:1 22 - 2l|

7,64 : 1 l8 l8

5,06 : 1 IO§ I I

4,26 : 1
j 7 7

The greateft difference between the calculation and experi-

ment appears here to be only two-thirds of a degree ; but that

is more than, I think, can be attributed to inaccuracy. Thefe

mixtures cooled remarkably well ; that in which the water was

to the acid as 7,64 : 1 funk down to 6° before it froze. The
ice heated about a. degree before it was melted.

Spirit .of fait being a very weak acid, its increafe of ratio

was not perceptible .within the limits to which I -was confined.

Muriatic
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Muriatic acid.

Proportion of Freezing Freezing

water to acid. point by point by

experiment. calculation.

10 : i

0

25
O

2 5

5>* 1 1

8

1 8

1

3>°5 : 1
'

9? 9*

This table is confhu&ed as the foregoing ; and the fpecific

gravity of the marine acid was 1,163.

Salt of tartar, fuch as is ufually fold in the (hops, was the

vegetable alkali I employed. It did not readily deliquefce,

and confequently was not very cauftic : the cold it produced

with fnow was - 1 2

Salt of tartar*

Proportion of Freezing Freezing

water to alkali. point by point by

experiment. calculation.

10 : 1

O

27I 26>|

7>5 •• 1 2 5 * 24 f-

5 : 1 22% 214

3 : 1 1 5 H
2,5 : 1 ill iof

2 : 1 5 5

Here the greateft difference between the calculation and ex-

periment is iomething more than if degree, in finking the

freezing point from 22°| to 5
0

; but in the higher freezing

points of the table it is lefs, as well as in the lower. Perhaps

Vol. LXXVIII. T t this
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this irregularity in the experiments is in part to be afcribed to

an impurity in the fait of tartar ; a turbid appearance, and at

length a depofition, took place in all thefe folutions, but prin-

cipally in the llronger, occafoned probably by tartar of vitriol,

with which that fait is fo frequently mixed.

The mineral alkali I tried, which was the cryftallized foda

of the fhops, fhewed no increafe of ratio j but the fcale of its

operation was too fmall for a proper judgement to be formed*

Mineral Alkali.

Proportion of Freezing Freezing

water to alkali. point by point by

experiment. calculation.

io : i

O

3°~ 29V0-

5
*• i 2 7x 2 7t

This fait would not remain fufpended in much greater pro-

portion in the cooled water. I confider the folutions as de-

creafing in their freezing point by an equal ratio
:
pofhbly, if

the fait of tartar had been cryftallized, and perfectly fatu-

rated with fixed air, it would alfo have a&ed in the manner

of a neutral fait, and produced no increafe upon the ratio.

My volatile alkali, being the fal volatilis falis ammoniac!,

was tried only in two proportions*

Vola-
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Volatile alkali.

Proportion of Freezing Freezing
water to alkali. point by point by

experiment. calculation.

10 : i

0

25
O

2 5 *

5,18 : 1 l 9 l 9

Here alfo there is no appearance of an increafe of ratio, but
rather the contrary.

The fpecific gravity of the fpirit of wine I employed was

,829 at 62°. It deprefled the freezing point according to the

following table.

Spirit of wine.

Proportion of F reezing Freezing
ij

water to fpirit. point by

experiment.

C

point by

calculation.

O

8,5 : 1 24! 23$

5 : 1 17 l8

3,66 : 1 I2| I2|

3 : 1 8* 8 !

2,5 : 1 4 4

The total difference between the calculation and experiment,

upon a reduction of the freezing point from 24°! to 4
0
, is £ of

a degree; but the intermediate points are very irregular, and

in an oppofite fenfe, as if the ratio were decreafing. It feems

more probable, that fome inaccuracy in the experiments, per-

haps owing in part to the evaporation of the lpirits, fhould be

T t 2 the
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the occafion of this, than that there fhould be fuch an irregu-

larity in the law.

If any perfon fhould alledge, that the difference between

the obferved and computed freezing points in the foregoing

tables is not fufficient to eftablifh the increafe of ratio, I can

only reply, that it appears to me greater than can reafonably

be afcribed to error in the experiment ; efpecially as fimilar

experiments with neutral falts, not condu&ed more atten-

tively, agreed fo well together in pointing out a different law.

It mud be allowed, however, that the experiments do not

fhew any increafe of ratio, except in the vitriolic and nitrous

acids, fait of tartar, and, with more ambiguity, in fpirit of

wine : from analogy only I fufpeft it to take place in the other

acids, and in the mineral and volatile alkalies provided they

are cauftic. That a different law from what prevails in the

neutral falts fhould take place with thefe fubftances, leems not

furprifing, when it is conlidered how much dronger attrac-

tion they fhew for water, and how much lefs limited the pro-

portion is in which they will unite to it : for the fame reafons,

I fhould not think it extraordinary, if deliquefcent falts, com-

bined with water, fhould be found to obferve the fame in-

creafing ratio in deprefling the freezing point.

As other experiments upon the watery congelation of acids,

and in lower degrees of cold, have been given to the public, it

would have been definable to compare them with mine, and thus

to havq^obtained a greater length of fcale. But the difficulty

- of afcertaining the precife ftrength of different acids is fo great,

and a fmall uncertainty in this refpecl may occafion fo much
error, that I conceive little reliance can be placed, with regard

to the prelent objeft, upon any experiments except fuch as are

4 made
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made by diluting the fame acid with different proportions of

water.
*

I fhall conclude this Paper with the account of an experi-

ment to determine the effect of fait upon the expanfion of

water by cold. Pure water begins to {hew this expanfion about

the temperature of 40°, that is, 8 degrees above its freezing

point. 1 put a folution of common fait, in the proportions of

4»8 parts of water to one o'f the fait, and confequently whofe

freezing point was 8°§, into an apparatus I had ufed for other

. experiments of the fame kind; and found that the folution

continued to contract till it was cooled to 17
0

,
but had fenfibly

expanded by the time it was cooled to 1

5

0
. Suppofe the expan-

lion to have begun at i6°§, it would be juft 8 degrees above

its new freezing point. Hence we have reafon to conclude, as

far ns one experiment goes, that the combination of a fait

with water has no other effefl upon its quality of expanding

by cold, than to deprefs the point at which that quality be-

gins to be fenftble, juft as much as it depreftes the point of

congelation.

It is probable, that the fubjefl of this Paper will appear to

foine minute and trifling. 'Did it lend to nothing further, that

opinion might be juft. But it is by the accumulation of fa£b

of this kind, and efpecially fuch as have been developed by

Mr. Cavendish in his excellent Papers on the freezing of

acids *, that the foundation muft be laid for a general theory

of the laws of cohefion, which may ultimately lead to a know-

ledge of the ftru&ure upon which the intimate properties of

* Philofophical Tranfa&ions, Vol. LXXVI. p. 241. and p. 166. of -this

Volume.

bodies
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bodies depend ; in the fame manner as more accurate obferva-

tions of the different motions of the great maffes in the uni-'

verfe, paved the way to the fublime difcoveries of Kepler

and Newton.
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XIX. Additional Experiments and Obfervations relating to the

Principle of Acidity
, the Decompofition of Watery and Phlo -

glfton. By Jofeph Prieftley, LL.D . F. R *S. With Letters

to him on the Subjedl, by Dr. Withering, and James Keir,

Read May I, 1788.

WHEN I wrote the Paper, which the Society has done

me the honour to order to be printed in their Tran-

fa&ions, I had found that the decompofition of dephlogifti-

cated and inflammable air, by means of the ele&ric fpark,

produced an acid liquor, which Dr. Withering found to be

the nitrous ; though I fhould have obferved, that he exprefled

fome doubt whether the liquor did not alio contain fome other

acid befides the nitrous.

I have lince that time been defirous to afcertain the quantity

of acid producible from a given quantity of air ; and with this

view I gave Mr. Keir as much of the liquor as I had coT

Ie£ted from the decompofition of about five hundred ounce

meafures of dephlogiflicated air, and the ufual proportion of

inflammable air mixed with it. The liquor, he informed me,

was 442 grains, of the fpecific gravity of 1022 (that of water

being 1000) and that it contained as much acid as was equi-

valent to I2.c;4 grains of concentrated acid of vitriol; which*

(quantity of vitriolic acid is capable of fatu rating as much ve-

getable fixed alkali as is contained in 22$ grains of dry nitre,

5 os
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or about 23? grains of nitre cryftallized in mean temperature.

The fediment of the fame liquor he alfo fuppofed to contain,

at lead, as much acid as the liquor itfelf.

That this fediment contains much acid, feems evident from

this circumftance, that, when it is firft formed, it often emits

fmall bubbles, which rife to the furface of the liquor, and

continues to do fo a confiderable time. This was more parti-

cularly tiie cafe with the fediment which I had from the tinned

iron tubes. Thefe fmall bubbles, I imagine, confift of nitrous

air (formed from the fuperabundant acid vapour adhering to

the metal and the water in the liquor) becaufe when a phial,

half filled with this liquor, had flood about a week, the air on

the furface of it inflantly, and repeatedly, extinguifhed apiece

of lighted wood that was dipped into it.

From the preceding data, given me by Mr. Keir (and

making allowance for the indefinite quantity of water con-

tained in the concentrated acid of vitriol) I am inclined to

think, that not much more than one-twentieth part of de-

phlogifticated air is the acidifying principle, and that nineteen

parts are water.

This, I would however obferve, relates to air fully fatu-

rated with water, in confequence of its having been kept in

jars {landing in water, fo that 1 think it poffible that the water

in the drieft dephlogifticated air may not amount to more than

nine-tenths of its weight. But I have not afeertained, by any

experiment, how much water any of the kinds of air are ca-

pable of holding in a diffufed Hate, without being any necef-

farv part of their conffitution.

Though Mr. Keir found the greatefl part of the acid in

the liquor with which I furnifhed him to be the nitrous, there

were evident fig ns of its containing a fmall portion of marine'

acid,
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acid, by its making a precipitation with a folution of filver in

nitrous acid. But this mixture of marine acid, he obferves,

is conftantly found to accompany the produftion of nitre in

the operations of nature. Whether the different fubftances

from which the dephlogifticated air was extracted made any

difference in this cafe, I cannot tell ; but that which I gave Dr.

Withering was from minium, and that which Mr. Keir

examined was from manganefe.

: In the notes which i took of the firft production of this

liquor I termed it blue
, and Dr. Withering alfo calls it blue,

and once a greenijh blue ; but that which I gave Mr. Keir,

and all that I have got fince, is a decided and deep green ,

which Mr. Keir thinks to be owing to the phlogiftication of

the nitrous acid.

Thofe philofophers who are unwilling to admit the doftrine

of phlogifton, will perhaps fay, that, in thofe experiments in

which a calx is revived by means of inflammable air, this

air joins the dephlogifticated air that w*as in the calk ; and

that, in confequence of this, the metal, being freed from a

foreign fubftance, refumes its proper form and qualities, with-

out having received any addition whatever.

But fince it appeared in the preceding experiments, in which

inflammable air was procured by means of fteam, that the

metal did not become a calx, except in confequence of parting

with inflammable air (or rather with fomething which, when

united to water, is inflammable air) it cannot be fup-

poled to recover its metallic form without re-imbibing the

fame thing that it had loft, which thing may be termed

phlogijlon,

Confequently, inflammable air being (in the opinion of

thole who do not admit the do&rine of phlogifton) the fame

Vo l. LXXVIII. U u thing
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thing with the fubftance from which it was procured, only

volatilized, and united to water, it will follow, that any fub-

ftance imbibing inflammable air muff become compounded with

that other fubftance from which the inflammable air was pro-

duced ; and therefore, all the inferences recited in the former

Paper, which tend to eftablifh the doctrine of phlogifton,

muft be admitted.

It will be afked, what becomes of the dephlogifticated air

which is certainly expelled from red precipitate when it is

heated in inflammable air, and converted into running mer-

cury, if the inflammable air enters into the calx, in order ta

its becoming a metal ? I anfwer, that it unites with a part of

the inflammable air, and forms nitrous acid ; for the water

that is collected in this procefs is flrongiy acid, as appears by

its turning the juice of turnfole red; but the quantity is fo

fmall, that it will hardly be poffible to afcertain what acid it

is. Analogy, however, decides clearly in favour of the

nitrous.

It may be fuppofed, that in this experiment with red preci-

pitate, the acid was that which had not been fufficiently ex-

pelled from that fubftance in the procefs by which it is made-

But the refult was the very fame when I ufed precipitate per fe ;

and on this occafion I ufed a portion of that which I procured

from M. Cadet in Paris, of which mention is made in the

lecond Volume of my Experiments, p. 36.

On the other hand, that which is expelled from finery cin-

der, when it is heated in contact with inflammable air (and

thereby becomes tronj is pure water , without any acid. This
1 found to be the cafe even when the inflammable air had been
got from iron by oil of vitriol. Does not this prove that the

iron
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iron had imbibed what was properly water
,
and not any one

conftituent part of water only ?

That water enters into the conftitution of every kind of air

I fuppofed, becaufe it certainly does into that of inflammable
4

fixed, and dephlogifticated air, and becaufe none of them can be

produced except by procefles in which water either certainly is,

or may be well fuppofed to be, prefent. That nitrous air alfo

contains water, I have lately found from the iron that is heated

in it becoming a proper finery cinder.

At the publication of my lad: Volume of Experiments, I

had found, that iron heated in nitrous air acquired weight,

and that what remained of the air was phlogidicated air.

Having fince that time repeated this experiment, and after-

wards heated the iron, which was by this means increafed in

weight, in inflammable air, the iron lofl: its additional weight,

and water was copioufly produced, as in the fame procefs with

finery cinder, or, as I fometimes call it, fcale of iron.

As nitrous air may be deprived of its water, and become

phlogifticated air by heating iron in it, I find that it undergoes

the fame change by being repeatedly tranfmitted through hot

porous earthen tubes, through which I fome time ago difco-

vered that vapour will pafs one way, while the air contiguous

to the heated tube will pafs the other.

I firft tried this procefs with turnings of iron in the tube,

by which means the iron was readily converted into finery cin-

der ; but afterwards I found that the fame change was produced

in the nitrous air by the hot tube only. The two bladders

which I made ufe of in this experiment (and by the alternate

preflure of which I made the air contained in them pafs

through the hot tube) became red
,
juft as any bladder does

that is filled with nitrous air, and then expofed to the influ-

U u 2 ence
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ence of the atmofphere till it becomes phlogifticated air, as

may be feen in my former experiments. In this manner I

now always treat the bladders in which 1 make experiments on

air. It prevents them from putrefying, and gives them a

firmnefs of texture fimilar to tanning.

That nitrous air contains water, and that this water can

contribute to the formation of fixed air, is evident from the

following experiment. I heated five grains of charcoal of

copper in eight-ounce meafures of nitrous air, till it was in-

creafed to ten-ounce meafures, and the charcoal had loft one

grain. Examining the air, I found about one-fifth of it to be fixed

air, and the remainder phlogifticated. It feems, therefore, that

nitrous air confifts of water, and fomething that may be called

the balls of nitrous acid, or that fubftance which, when united

to dephlogifticated air, will make nitrous acid ; and this feems

to be pure phlogifton, fince it is found, as the preceding expe-

riments fhew, in the purefl inflammable air. May we not

hence infer, that the nitrous is the fimplell of all the acids,

and perhaps the balls of all the reft ?

It is evident, that more water than enters into the compoft-

tion of nitrous air is neceflary for the change of it into what

I have called dephlogijiicated nitrous air, becaufe the contact of

iron will not, without water, produce that change in it.

Though fixed air, as I have fhewn, contains water as well

as nitrous air, it cannot be deprived of it, and be decompofed,

by the fame means ; for I have heated iron in it by a burning

lens, and have alfo made it pafs repeatedly through a hot

earthen tube containing turnings of iron, without producing

any change in it.

In the former Paper I faid, that manganefe of itfelf gives

only the pureft dephlogifticated air by heat ; but I have now

a quantity
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a quantity which, after giving pure air with a moderate heat,

gives air that is more than half fixed air with a greater degree

of heat. It is evident, as I have obferved before, that there

are very different kinds of manganefe.

In thefe Papers I have fuppofed, with M. Lavoisier and

others, that the principle of acidity is in the dephlogiflicated

air only ; but as the acid is always formed by the union of this

air and the inflammable, it may, perhaps, with equal proba-

bility be fuppofed to be in either of them, or to be a com-

pound of them both.

Mr. Watt defires me to mention it as his conjecture, that

the nitrous acid is contained in the inflammable air as the acid

of vitriol is in fulphur, the phofphoric in phofphorus, &c.

;

and that the dephlogiflicated air does nothing more than deve-

lope the acid. Mr. Keir, who was led to expeft that an acid

mufl be the refult of the union of dephlogiflicated and inflam-

mable air, becaufe fome acid is always the confequence of its

union with other inflammable fubftances, thinks that both

may be neceffary ingredients in it. Farther experiments may

throw more light on the fubjedt.

TO THE REV. DR. PRIESTLEY.

DEAR SIR,

I at length fubmit to your confideration the trials which

I made upon the liquors you produced, by the firing of de-

phlogifticated and hflammable air in clofe veflels ; and if you

think
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think proper you may tranfmit them to the Royal Society, by

way of Appendix to your own Paper upon that Subject.

§ L

Dec. 25, 1787. Liquor produced by burning, in a clofe

copper veflel, inflammable air got from iron by means of the

Ream of water, and dephlogijiicated air
,
expelled by heat only,

from minium.

This liquor was blue, and contained a reddifh brown Pedi-

ment.

Exp. 1. Terra ponderofa lime water,

2. Common lime water
,
and

3. Caujlicfixed alkali, caufed a greenifh precipitation.

4. Caujlic volatile alkali produced a beautiful deep blue

precipitate, which was wholly re-difl'olved by the

addition of more volatile alkali.

5. Phlogifiicated alkali gave a reddifli brown precipitate,

6. Nitre of lead
, no change.

7. Nitre offilver, a bluifh precipitate.

8. Litmus , its colour firfl: turned red, then curdled,

and at length nearly deftroyed.

9. The filtering paper , employed to feparate the Pedi-

ment, was a flow burning touch-paper.

§ II-

Dec. 30. Liquor produced, by burning in a clofe copper

veflel, inflammable air
, obtained as in § 1. and dephlogijiicated

air
, expelled by heat only, from manganese. This liquor

was blue, and contained a reddifli-brown Pediment.

Exp. 1—9. Similar to thofe in § 1. ; and the refults being

.in all points the fame, I determined to mix the liquids toge-

ther.
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ther, the quantities being fmall, and fubmit them to further

examination.

§ nr.

Exp. I. The united liquids being neutralized by the addi-

tion of cauflic vegetable alkali
, a beautiful green

precipitate fubfided.

2. This precipitate diflolved entirely in cauftic volatile

alkali, changing to a beautiful blue.

< 3. The iuper-natant liquid being (lowly evaporated to

drynefs, the liquor that efcaped during this procefs •

was nothing but pure water.

4. The imperfectly cryftallized refiduum (3) effer-

vefced upon the addition of concentrated vitriolic

acid, and being fubmitted to diftillation, on the firft

application of heat, an orange- coloured vapour arofe,

which was condenfed in a receiver previoufly wetted

with pure water.

5. The diftilled liquor (4) had the fmell and the tafte

of nitrous acid
,
which inftantly changed the blue of

litmus, and that of violet paper to a red; and it

aCted upon filver.

6. Terra ponderoJa lime water
,

added to it, occaficned

no precipitation.

7. Saturated with vegetable alkali it converted cap

paper into touch paper, and formed, upon a (low eva-

poration, cryftals fimilar to thofe of nitre.

§ iv.

Jan. 21, 1788. Liquor produced by burning inflammable air,

obtained as before, and dephlogiflicated air from mercurius pre-

ap. ruber
,

in a clofe tinned iron veflel.

This -
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This liquor was nearly colourlefs, but contained a large

quantity of a light brown fediment.

Exp. i. 2. 3. 4. 5. 8. 9. Similar to thofe of § 1. and n. ex-

cept the different colour of the precipitates, and that

made by the phlogifticated alkali being a fine

blue.

10. The liquor faturated with vegetable alkali b eing

flowly evaporated to drynefs, and the precipitat es

mixed with the brown fediment being put into a

retort, fome concentrated vitriolic acid was added,

and heat was applied. A very faint fmell of nitrous

acid arofe, but no vifible red vapour; nor did any

thing diftil into the receiver until the heat was very

confiderable.

11. The liquor then diftilled was evidently acid ; but

this acid was wholly precipitated by terra ponderofa

lime water.

.§
V.

Feb. 19. Having now received a larger quantity of the liquor

and fediment, produced as § 1. viz. 329 grains of the bluifh

green liquor, and 1 2 grains of the reddifh brown fediment, I

proceeded to repeat the experiments, but the refults correfpond-

ing with the former ones, I need only mention, that the liquor

changed litmus red, and coagulated it; that with phlogifti-

cated alkali it gave a browni/h red, and with cauftic vegetable

alkali a blue precipitate; that after fatu ration with the vege-

table alkali, both the dried fait and the fediment being fub-

mitted to diflillation with the addition of concentrated vitriolic

acid, an orange-coloured vapour inftantly arofe, and the pecu-

liar fmell of nitrous acid was firongly perceived. The diftilled

liquor,
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liquor, befides having the tafte of nitrous acid, diftblved filver ;

and when neutralized by vegetable alkali and {lowly evapo-

rated, afforded well-formed crvffals of common nitre*

Thefe, Sir, are all the trials I have made with the liquors

produced in your experiments. They pretty clearly prove the

acid generated to be the fame, whether the dephlogifticated air

was procured from red precipitate of mercury, from minium,

or from manganefe, and that this acid is the nitrous acid. It

is not quite fo clear why the liquor and fediment in § iv. gave

no ftronger marks of the prefence of nitrous acid ; but it is

evident, that the acid had united itfelf to the iron, if not to

the tin, of the vellel employed : and I find, that when nitrous

acid is fully faturated with iron by being boiled with it, and

fixed alkali is added, this mixture l'ubmitted to diftillation, with

the addition of concentrated vitriolic acid, yields no red va-

pours, and very little fmell of nitrous acid.
1

I remain, &c.

W. WITHERING.
Birmingham,

February 22, 1788.

TO THE REV. DR. PRIESTLEY.

DEAR SIR,

I HAVE examined the green liquor which I received from

you, with a view to determine the two points you wilhed prin-

Vol. LXXVIII. X x cipally
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cipally to know, namely, the quantity and the kind of the

contained acid.

The quantity of the green liquor was 442 grains, and its

fpecific gravity was to that of water as 1022 to 1000. When
the green liquor was poured out of the phial, there remained

at the bottom 72 grains of a brown powder, which upon exa-

mination was found to be a calx of copper, foluble in acids,'

but not in water.

The colour of the liquor {hewed that it was a folution of

copper. However, it gave no cupreous precipitation topolifhed

fteel, till a few drops of acid had been added. This circum-

ftance feemed to {hew the perfect faturation of the acid of the

green liquor with the copper ; and this complete faturation was

further evinced by the very fmall alteration of colour which

litmus buffered on being mixed with this liquor. This teft did

indeed feem to acquire a little tendency to rednefs, but the

effect was fo minute as not to deferve confideration, and might

probably be owing to fome flight phlogiffication, as it is called,

of the acid contained, rather than to its fuperabundance.

Upon evaporating the green liquor by expofure to air, with-

out the application of heat, no cryltals were formed, but a

dry green powder, infoluble in water, but foluble in acids.

You had before acquainted me with this faff. As folutions of

copper in the nitrous acid are known to yield deliquefeent cry-^

lfals, and as no cryftallization happened in this inftance, al-

though the acid was evidently nitrous, I was defirous of difeo-

vering the caufe of this difference between this liquor and com-

mon folutions of copper in the nitrous acid. Upon making

fome trials with this view, 1 found that there were three periods

or ftages to be diflinguifhed in the combination of copper with

the nitrous acid. The firft period is when the acid is fuper-

2 abundant,
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abundant, and deliquefeent cryftals formed. The fecond pe-

riod is when the acid has been completely faturated, or per-

haps fuperfatu rated, by repeated and alternate evaporation to

drynefs, and re-diflolution in water, and then no cryftals but

a green powder is formed. The third period is when, by a fur-

ther evaporation of acid and increafe of heat, the green pow-

der is changed into a brown or black calx. The complete fatu-

ration of the green liquor feems then to be the caufe of the

formation of the green powder on evaporation, inftead of deli-

quefeent cryftals ; and the production of the brown calx may
be fuppofed to be either the refult of a calcination of a part of

the folution of copper which may have taken place in confe-

quence of the great heat excited by the inflammation of the

two airs j or to have been formed by the aCtion of the heated

dephlogifticated air on the copper.

In order to find the quantity of acid that was contained in

the green liquor, I added, by flow degrees, to 100 grains of

this liquor, a folution of mild fixed alkali, till no more preci-

pitation took place, taking great care to ceafe adding alkali as

foon as the copper ceafed to precipitate, to prevent a re-diffolu-

tion of the precipitated metal. Upon examining how much of

this alkaline folution was required to faturate a given quantity

of oil of vitriol of the common fpecific gravity, viz. to water

as 1844 to 1000, I found that the 100 grains of green liquor

required for its precipitation as much alkali as would faturate

2,837 grains of the above-mentioned acid of vitriol. And as

the whole quantity of green liquor was 442 grains, its preci-

pitation would require as much alkali as would be capable of

faturating 12,54 grains of the concentrated vitriolic acid.

This quantity of vitriolic acid is capable of faturating as

much vegetable fixed alkali, as is contained in 22I grains of dry

X x 2 nitre,
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nitre, or about 23! grains of nitre cryftallized in mean tempe-

rature *.

The difficulty of finding even an approximation of the quan-

tity of acid, or of air expended in forming the brown calx,

mud be very great ; and this circumftance (hews the diiadvan-

tage of tiling metallic veflels, although in other refpedts more

commodious for your large experiments than thole of glafs.

I think it is probable, that the quantity of acid expended in

this manner is as much or more than the quantity retained in

the folution ; but I am lorry I am not able to give you any

grounds for a true determination. However, the experiment

which I made with the calx was as follows. I diflolved it in

vitriolic acid, and having faturated with alkali the fuperfluous

acid, I precipitated the folution by a fixed alkali of known

ffrength, and I found that the quantity of alkali reqnilite for

this precipitation was as much as would laturate ten grains of

the oil of vitriol before mentioned. This quantity of vitriolic

acid is fo. much lefs than I Ihould expedf, that 1 regret I have

not an opportunity of repeating the experiment.

The next point to be determined is the Jpecies of acid that is

contained in the green liquor. The acid produced in your

former experiments of burning inflammable and dephlogifli-

cated airs was determined to be the nitrous ; and every trial

which I have made of this green liquor has convinced me,

that the fame acid is contained in it alfo. Upon adding to this

liquor fome vitriolic acid and diftilled water, I obtained by

*
I fay the mean temperature

,
becaufe the proportion of vrater retained by

falts varies very confiderably, according to the temperature in which they are

cryftallized
; the warmer the weather, the lefs water being retained. The confi-

deration of this fa£t ought to enter into til® eftimates of the proportions of the

««mponent parts of falts.

7 diflillation
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clidillution a colourlefs acid liquor, which from the fmell, the

properties of diflolving filver very readily, and of giving a de-

flagrating quality to paper foaked in this liquor when fatu-

rated with alkali, evidently manifefted the prefence of the ni-

trous acid. But betides the nitrous, which is undoubtedly the

acid in greateft abundance, I think I may venture to affirm the

exigence alfo of the marine acid.

Upon adding to the green liquor a folution of filver in which

the acid was fuperabundant, the mixture became turbid; and

when it was boiled, the minute particles collected . and fell to

the bottom in form of white flocks, which, on expofure to

light, became dark coloured, and were re-diflolved by volatile

alkali ; all which appearances are indications of a lima cornea.

Although thefe appearances left no doubt in my mind of the

exigence of a marine acid, I am nevcrthelefs much obliged to

our ingenious philosophical friend Mr. Johnson for reminding

us, that Mr. Cavendish had alfo ohferved, in the acid pro-

duced in his experiment of paffing the eleblric fpark through a

mixture of dephlogifticated and phlogifticated airs, a precipita-

tion upon adding a folution of filver ; from whiclr, however,

that molt accurate philolopher would not infer the prefence of

marine acid, having difeovered that the precipitation might be

produced by the nitrous acid itfelf, when that acid is much

phlogifticated. The acid of the green liquor is in fome degree

phlogifticated, as appears both from the fmell which I per-

ceived on adding the folution of filver, which, as I have men-

tioned, contained a fuperabundant acid, and from the green

colour of tile liquor ; for I have never been able to make any

but blue or greenifh-blue faturated folutions from copper and

nitrous acid, although they fometimes appear green from a

fuperabundant quantity of yellow acid, or from the yellow

fumes
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fumes during the folution. By adding a folution of melted

nitre to the blue folutions of copper either in the nitrous or

^vitriolic acids, the phlogifticated acid of the melted nitre im-

mediately communicates a green colour. The marine acid

tends more than the other acids to give a green colour ; but I

am inclined to impute the colour of yoitr liquor principally to

the phlogiflication of the acid, becaufe upon adding a very

fmall portion of vitriolic, marine, or nitrous acid, the colour

was immediately changed to a light blue. The folution of

filver, being purpofely acid, always produced this change of

• colour, and I therefore confidered, that the phlogifticated acid

was expelled in the operation, and could not affedl the preci-

pitation.

Experiments have taught me, that an exceedingly flight de-

gree of that quality which is called the phlogiflication of nitre,

is fufficient to produce an alteration in the colour of folutions

<of copper, and that the colour will be changed when the de-

gree of phlogiflication is incapable of producing any precipi-

tation of filver. Not only a folution of melted nitre will

always change the colour of cupreous folutions, but even cry-

stals of nitre, when mixed with the nitrous acid, and the

mixture boiled to drynefs upon copper, and re-diflolved in

water, will give a green folution. If cryftals of nitre be dif-

folved in a colourlefs folution of filver in nitrous acid, and this

mixture added to a folution of copper in the fame acid, the

blue colour of the latter will be changed to a green, although

neither the nitre nor folution of filver will feparately have this

effect, neither will nitre diflolved in a dilute nitrous acid. I

do not know what degree of phlogiflication may be required to

precipitate filver, but i fuppofe it to be very great; at leaft it is

certain, that the degree of phlogiflication capable of giving a

green
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green colour to folutions of copper is infufficient to precipitate

filver. Mr. Cavendish, when he relates the fad of the pre-

cipitation of filver, fpeaks only of nitre, much phlogifticated,

pofl'cfling this property.

To obviate any fufpicion of the precipitation of filver being

owing to the phlogiftication of the acid, I added to fome of

the green liquor about an equal quantity of colourlefs nitrous

acid and fome difcilled water, and I kept this mixture boiling

half an hour, in order to difengage and expel any phlogifticated

acid which it might contain. To the liquor, which remained

perfedly pellucid, I added a folution of filver, upon which the

precipitation immediately took place with all its ufual circum- •

fiances, and in as great a degree as before.

If, upon examining the acids which you or others may

hereafter obtain by the inflammation of airs, a mixture of

marine acid oe conftantly found to accompany the produdion

of the nitrous, the fad will be only analogous to all the other

known produdions of nitrous acid; in all which, either in

the natural formation of nitre as in Spain and India, or in the

nitre beds and walls made by art, a very large proportion of

marine halts is conftantly obferved to accompany the nitre.

I fhall conclude my letter with mentioning a fad, which I

obferved in making fome experiments to find the came of the

formation of the green powder above-mentioned, and which,

though not relative to the prefent fubjed, may be thought not

unworthy of communication. It is the desompofition of common-

fait andfeparation of its alkali by copper. As I conceived the opinion

that the formation of this green powder by evaporation of this

green liquor was owing to the perfed faturation of the acid,

among other modes of obtaining a perfedly faturated folution

of copper, I fp tinkled upon plates of copper ftrong folutions -

of.
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of common fait and of fal ammoniac. In a few days the fal

ammoniac was found to have converted the copper into a dry

green calx ; but the common fait adted more {lowly upon the

copper, and continued moift during feveral weeks. At length,

however, at the end of two months, a ‘dry green calx was

formed, and I obferved, that round the edges of the calx

where it joined to the furtace of the copper not adled upon,

and where the liquor had la ft flood before it was dried, an

efflorefcence had formed of mild mineral alkali, which feems

to have been feparated from its acid by the adlion of the cop-

per on the acid, and perhaps aided by the affinity of the alkali

itfelf to fixed air.

The fal ammoniac alfo had probably been decompofed by

the copper, but the volatility of its alkaline bafis, when dif-

engaged, had prevented its appearance.

Wiffiing you may long continue to add to the numerous and

fplendid lift of difcoveries with which you have already en-

riched natural philofophy,

l I am, &c.

JAMES KEIR,
Ivlarch 26, 1788.
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XX. On the Probabilities of Survivorships between Two Perfans

of any given Ages, and the Method of determining the Values

oj Reverfions depending on thofe Survivorfips, By Mr . Wil-

liam Morgan ; communicated by the Rev . Richard Price,

D. D. F. R. S.

Read May 8, 1788.

THE hypothefis of an equal decrement of life, adopted by

M. de Moivre, for the purpofe of facilitating the com-

putations of life annuities, has not only been rendered unne-

ceflary by the late publication of many excellent tables deduced

from real obfervations *, but has likewife been found fo very

incorrect in fome cafes, that probably little or 110 recourfe will

ever be had to it in future. But though the direct application

of this hypothefis may be laid afide, there is danger of its not

being entirely abandoned; and mathematicians may Rill be led

to reafon from this principle, by deriving their rules fujm the

expectations rather than from the real probabilities of life. The

ingenious Mr. Thomas Simpson has contented himfelf with

this inaccurate method in his Select Exercifes, and he has been

followed in it by moft other writers on the fubje<5t -j- • Even

in thofe cafes which involve only two lives, the errors are often

* See Dr. Price’s Treatife on Reverfionary Payments, 4th edit.; and Mr.

Baron Maseres on Life Annuities.

f Dr. Price’s folutions of his 15th and 1 6th queftions are exceptions to this

remark.

Voi.. LXXVI1I. Y y con-



3*2 Mr . Morgan

confiderable, efpecially if the expectations are derived from the

London, the Sweden
,
or any other tables, in which the de-

crements of life are unequal. But when three lives are in-

volved in the queftion, thefe errors are generally enormous

;

nor is it ever fafe, when the ages of thofe lives differ very

much, to have recourfe to rules which are founded upon this

principle. The three following problems, though the moil

common in the doCtrine of furvivorfhips, have never hitherto

been folved in a manner ftriCtly true. The fecond of them is

of particular importance, and I have taken much pains to exa-

mine how fir Mr. Simpson’s folution of it may be depended

upon. It has, indeed, been folved by M. de Moivre *, and

Mr. Dodson
•f'

: but the firft of thefe writers has erred moffc

egregioufly in the folution itfelf, and the other having derived

his rule from a wrong hypothecs, has rendered it of no ufe.

It is much to be wifhed that the folutions of all cafes in rever-

fions and furvivorfhips were deduced, like the three following

ones, from the real probabilities of life. Moft of thofe which

are now in ufe are at beft but approximations, and can never

be relied on with any tolerable degree of fatisfatftion.

PROBLEM 'I.

Suppofing the ages of two perfons, A and B, to be given ;

to determine the probabilities of furvivorfhip between them

from any table of obfervations.

SOLUTION.
Let a reprefent the number of perfons living in the table at

the age of A the younger of the two lives. Let a\ a'\ a'"

* See Mr. de Moivre’s 17th problem, and Dr. Price’s remarks upon it in

his Treat ife on Reverfionary Payments, EflTay 3. Vol. I.

f See Dodson’s Mathematical Repofitory, Prob. 23. Vol, III.
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c"'\ Sec. reprefent the decrements of life at the end of the

I ft, 2d, 3d, 4th, Sec. years from the age of A. Let b repre-

fent the number of perfons living at the age of B the older of

the two lives, and c, d
, e,f Sec. the number of perfons living

at the end of the ift, 2d, 3d, 4th, &c. years from the age of

B. Suppofing now it were required to determine the probabi-

lity of B’s furviving A in the firft year. It is manifeft that

this event may take place either by A’s dying before the end of

the year and B’s furviving that period, or by the extin&ion

of both the lives, reftrained however to the contingency of B’s

having died laft. The probability that A dies in the firft year,
r

and that B furvives it, is exprefled by the fraction The

probability that both the lives die in this year is exprefted by

; and as it is very nearly an equal chance thatthe fraction
a' . b — c

A dies ff, this fraction fhould be reduced one-half and then

a' . f—c
it will become =

2ab
Hence the whole probability of B’s

a c a' • b— c a . b + c

+furviving A in the firft year will be =^
the fame manner the probability of B’s furving A in the 2d,

^
a" . c 4- d a

,n
. d-\-e

3d, 4th, &c. years may be found -—

~

b

&c. refpeflively

;

2ab
r

furviving A will be =—
L x0 a 0

therefore, the whole probability of B’s

b + c , c+d ,,
a + e /// ,

e±fa""— a -\ a 4-—— a + a *222
See.

Having found by the preceding feries the probability of B,

the elder life’s, furviving A the younger ; the other expreftion,

Y y 2 which



334 Mr. Morgan

which denotes the probability of A’s furviving B, is well known

to be the difference between the foregoing feries and unity

.

The fum of this feries might eafily be determined from

tables of the expectations of (ingle and joint lives *. But no

fuch table as the latter having ever been computed, it will by

no means be found a laborious undertaking to compute a table

of the probabilities of furvivorlhip between two perfons of all

ages immediately from this feries, without having recourfe to the

expectations of life. For if the probability of lurvivorfhip between

any two perfons be found, the probability between two perfons

one year younger is obtained with little difficulty ; and by pro-

ceeding in this manner a whole table may be formed in lefs time

than would be necelfary for computing one of the expectations

of two joint lives. To exemplify what I have faid, I (hall

juft fet down a few operations for determining the probability

of furvivorffiip, according to the Northampton Table of Ob-

fervations t> between two perfons, whofe common difference

of age is io years.

* The above feries, exprefling the probability of furvivorlhip, may be eafily

found, from the folution of the next prohlem, — ^ ^~ ~ c ' ^ ~~

;
K

2b

denoting the expectation of one life one year younger than B
;
C the expectation

of a life one year older than B; AK and AC the expectations of the joint lives

of A and K, and of A and C, refpeftively
; and 0, as in that problem, the

number of perfons living in the table of obfervations at the age of K.

-f
See Dr. Price’s Treatife on Reverfionary Payments, Tab. 6. Vol. II.'

Age



Age 1 Age
of B. of A.

96

95

94

93

92

9 l

90

86

85

84

83

82

81

80

on SurvivorJJjips.

Probability of B’s furviving A.

335

O+lX—— X 34 = . II 73— X 41 + 17 = .1606
4X ib6 2 '

— x
9 X - x 48 + 1 1 u. 5 = .2049

9 x 234 2

1 16 + 9
x

16 x 289

1 24+16

x ^5 + 431.5=1.2420

24 x 346
x 57 + 1 1 19 =.2720

34 X 406
x -—-- x 60 4-2259 = .2897

46+24 /
X1-— X 63 4-3999 =

-

3022

Probability of A’s

furviving B.

I - .1 I75 = .8887

I - .1606 = .8394

I - .2049 = .795 I

I

I - .2420 = .7580

I - .2y20 = .7280

I — .2897 = .7103

.6978I - .3022
46 x 469 2

It may eafily be feen from thefe fpecimens in what manner

the probabilities of furvivorfhip between two younger lives are

deduced from the probabilities between two older lives, pro-

vided their common difference of age be the fame ; for the

numbers 17 . . 1
1 9.5 . \ . 431*5? &c. in the 2d, 3d, 4th, &c.

feries are the fums of the feries next preceding. Thus 17 is

= 34 x 1 . . . 1 19.5 is = 41 x -14- 17 . . . . 431.5 is= 48 x y 4
1 19. 5, &c. It may be neceffary to obferve further, that if

the ages of the two perfons be equal, the probability of furvi-

vorfhip between them being likewile equal, is expreffed by the

fraction { ; and that this affords an inftance of the accuracy of

the foregoing inveftigation ; for the feries expreffing the proba-

bility in this cafe is the fame with this fra&ion, the chance of

furvivorfhip becoming then (frnce azzb; a=b-c; a"

—

c-d, &c. ; and b 4- c x a = b +c x b - c = b
: - c\ See.) =
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Mr. Simpson, in his Treatife on Annuities and Rever-

fions * has given a curve whofe area determines the probabi-

lity of furvivorfhip between two perfons according to any table

of obfervations. If one of the lives be not very young fo

that the equidiftant ordinates may not be too few, this area is

fufficiently correct. But if the eldeft of the two lives is under

20 years of age, it becomes neceffary to affume fo many equi-

diftant ordinates to render the folution accurate, when the de~

crements of life are unequal, that the operation is rendered

much too laborious for ufe ; nor do 1 know that it can be ne-

ceflary to have recourfe to this area in any cafe, efpecially as

the true probabilities of furvivorfhip are fo eafily computed

from the preceding feries.

The following table has been formed in the manner de-

fcribed above ; and as no fuch table has ever been attempted

before, I have been the more defirous to render it complete, by

computing the probabilities of furvivorfhip between two per-

fons of all ages, whofe common difference is not lefs than

ten years.

Inftead alfo of fuppofing certainty to be denoted by unity,

I have affumed 100 for this purpofe ; fo that the fums in the

adjoining columns exprefs the number of chances in 100

which are in favour of B or A’s furviving the other.

* Lemma 2. p. IOO.

Table,
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Table, (hewing the probabilities of furvivorfhip between two

perfons of all ages, whofe common difference of age is net

lefs than ten years, computed from the Northampton Table

of Obfervations in Dr. Price’s Treatife on Rovcrfio;.a y
Payments.

Ten years difference. Twenty years difference. Thirty years difference.

Ages. Probabilities. Ages. Probabilities. Ages,
j

Probabilities.

1 1 — I 5^-59 41.41 21 — I 52.46 47-54 31 - 1 48.23 51-77
12 — 2 5 !- 3 & 48.64 22— 2 44 33 55-67 32- 2 39-36 60 64
1 o n
1 J O 48.23 5 i -77 9 0— n

J 40.88 59 -* 2 33“ 3 35 57 64.43

H— 4 45.98 54 02 24- 4 39.00 61.00 34~ 4 32.86 67.14
i 5- 5 44.70 55-30 25- 5 37-69 62.31 35 “ 5 3 1 35 65.65
ib — 6 43-43 5^-57 26— 6 36.40 63.60 36- 6 29- 83 70.15
i 7 - 7 42 -'S 3 57-47 27- 7 35-48 64.52 37 “ 1 28.83 71.17
1 8 — 8 41.91 58.09 28- 8 34-84 65.16 38- 8 27.98 72.02

19- 9 41.60 58.40 29- 9 34-52 65 4b 39 “ 9 27.53 72.47
20— 10 4 i -53 58-47 30-10 34-41 65-59 40—10 27-33 72.67
21 — 1

1

41.58 58 42 31 — n 34-40 65.60 41 — 1

1

27.24 72 76
22 — 12 41.68 58.32 32-12 34-42 6558 42—12 27.18 72.62

23-13 41.78 58.22 33-13 34-44 6556 43— 1 3 27 14 72.86

24-14 41.90 58.10 34-14 34-47 65-53 44- 14 27.

1

1 72.89

25- IS 42.02 57-98 35-15 34-51 65.49 45 “!5 27.08 72.92
26— 16 42.16 57.84 36-16 34.56 65-44 46—16 27 -c6 72.94
27- J 7 42.26 57-74 37 — 1

7 34-58 65.42 47 — 17 27.01 72.99
28-18 42.32 57.68 38-18 34-54 65.46 48—18 26.90 73 -i°

29-19 42.34 57.66 39 — *9 34 44 65.56 49-19 26.72 73.28

30— 20 42.31 57-69 40 — 20 34-29 65.71 50-20 26.50 73 50

3 1 — 21 42.22 57-78 41—21 34.08 65.92 51-21 26.21 73-79
32-22 42.09 57 -9 i 42 — 22 33-84 66. ib 52-22 25.89 74.11

33~ 2 3 41.97 58 03 43- 2 3 33-59 66.41 53-23 25 - 5° 74 44
3+“ 2 4 41.83 58-17 44-24 33-35 66.65 54-24 25.22 74.78

35- 2 5 41.70 58.30 45-25 33-°9 66.91 55-25 24.87 75.13

26 — 26 41.56 58.44 46 — 26 32-83 67-17 56—26 24-52 75 48

37 — 27 41.41 58-59 47-27 32*5(1 67.44 57-27 24.16 75-84

38-28 41.26 58.74 48 — 28 32*28 67.72 58-28 23-79 76.21

39~ 29 41.10 58.90 49-29 31-99 68.01 59“ 2 9 23-41 76.59

40-30 40.94 59.06 50-3° 3 1 *
7° 68-30 60— 30 23.02 76.98

41-31 40.78 59.22 5 i— 3 i 3*-43 68.57 61-31 22.63 77-37

42-32 40.63 59-37 52 - 3 2 5I
'oo

68.84 62 — 32 22.23 77-77

43 - 33 40.49/ 59-51 53-33 30.88 69.12 63-33 21.81 78.19

Ten
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Ten years difference. Twenty
)
rears difference. Thirty years difference.

Ages. Probabilities. Ages. Probabilities. Ages.
J

Probabilities.

44-34 40,34 59.66 54-34 30.60 69.40 64-34 21.38 78.62

45 — 35 40.19 59.81 55-35 30.32 69.68 65-35 20.93 7907
46-36 40.04 59 - 9 6 56-36 30-03 69.97 66 — 36 20.47 79*53
47-37 39.88 60.12 57-37 29-73 70.27 67-37 20.01 79-99
48-38 39 - 7 1 60.29 58-38 2943 70.57 68-38 x 9-54 80.46

49-39 39-54 60.46 59-39 29-13 70.87 69-39 19.06 80.94
50-40 39-38 60.62 60— 40 28.82 71.18 70—40 1 8

. 59 81.41

5 1 — 41 39-23 60.77 61 -^41 28.49 7 I -5 I 7
1 — 4 1 18.10 81.90

52-42 39-07 60.93 62— 42 28.14 71.86 72 — 42 I 7-58 82.42

53-43 38.90 61.10 63-43 27-74 72.26 73-43 i 7*05 82.95

54-44 38.81 61.19 64-44 27-33 72.67 74-44 16.53 83*47

55-45 38-53 61.47 65-45 26.90 73.10 75-45 16.04 83-96

56 — 46 3 8 -35 61.65 66 — 46 26.46 73-54 76 — 46 15.60 84.40

57-47 38.16 61.84 67-47 26.01 73-99 77-47 15-15 84.85

58-48 37-97 62.03 68-48 25-55 74-45 78-48 14.68 85.32

59-49 37-77 62.23 69— 49 25.09 74 9 1 79-49 14.16 85.84
60-50 37-56 62.44 70-50 24.61 75-39 80-50 13.61 86.39
61—51 37 - 3° 62.70 71-51 24.06 75-94 81-51 13.04 86.96

62 — 52 37.00 63.00 72-52 23*49 76.51 82-52 12.46 87.54

63 53 36.68 63.32 73-53 22.91 77.09 83-53 11.94 88.06

t>4-54 3 6 -34 63.66 74 -54 22-35 77-65 84—54 1 1.60 88.40

65-55 35-97 64.03 75-55 21.81 78.19 85-55 11.30 88.70

66-56 35-58 64.42 76-56 2 I- 3 1 78.69 86-56 11.04 88.96

67-57 35-*7 64.83 77—57 20.80 79.20 87-57 10.80 89.20

68-58 34-74 65.26 78-58 20.24 79.76 88—58 10.63 89*37

69-59 34 - 3° 65.70 79-59 1959 80.41 89-59 10.25 89.75

70 — 60 33* 85 66.15 80 - 60 18.90 81.10 90 — 60 9-65 9°-35
71 — 61 33-38 66.62 81 — 61 18.23 81.77 91 — 61 8.68 91.32

72 — 62 32-90 67.10 82 — 62 27*57 82 43 92-62 7-54 92.46

73-63 32.46 67-54 83-63 1 7-°3 82.97 93-63 6.18 93.82

74-64 32.04 67.96 84-64 16.73 83.27 94-64 4-93 95-°7

75-65 3 i * 7 ° 68 30 85-65 16.55 83-45 95-65 3-68 96.32

76 — 66 3 j -45 68.55 86— 66 16.29 83 7^ 96— 66 2.58 97.42

77-67 3 i -20 68.80 87-67 16.38 83.62

78-68 30.9° 69.10 88-68 16.44 83.56

79-69 3°-47 69-53 89— 69 16,23 ^ 3-77

80—70 30.00 70-00 90 — 70 15-67 8 4-33
S 1 — 7

1

29.58 70.42 9 1 — 7 1 14.50 85-50
82 — 72 29. 1 9 70 81 92-72 I 3-05 86.95

83-73 28 90 71.10 93-73 1 1 08 88.92

84-74 29 02 7098 94-74 9.24 90.76

85-75 29.17 70.83 95 — 75 7.17 92.83
86—76 29.25] 70-75 96 - 76 5.12 94.88

Ten
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Ten years difference.

Ages. Probabilities.

87-77 29.42 70.58
88-78 29 94 70.06

89-79 30.29 69.71
90— 80 30.22 69.78
91 — 81 28.97 71.03
92 — 82 27.20 72.80

93~ 8 3 24.20 75.80
94-84 20.49 79 * 5 1

95-85 16.06 8 3'94
96—80 XI -7 3 88.27 t

Forty years difference.

Ages. Probabilities.

41- 1 43-57 56.4;

42 — 2 33-98 66.02

43- 3 29.85 70-15

44 - 4 26.88 73.12

45 - 5 25.20 74.80
46 — 6 23-53 76.47

47 - 7 22.30 77.70
48-8 21.40 78.60

49— 9 20.86 79-u
5°— 10 20.59 79 -4 i

5 i — 1

1

20.45 79-55
52-12 20-35 79.65

53— ! 3 20.26 79-74

54-14 20.18 79.82

55— *5 20.1

1

79.89

5 b~ l6 20.05 79-95

5 7 “ *7 19 96 80.04

58-18 19.81 80.19

59 1 9 x 9-59 80.41

60—20 I 9 - 3 1 80.69

61—21 1 8.96 81 .04

62— 22 18.55 81.45

63-23 18.12 81.88

64-24 17.68 82.32

Vol. LXXVII.

Fifty years difference.

Ages. Probabilities.

51- 1 39 -i 6 60.84

52— 2 28.87 7 i-i 3

53 “ 3 24.46 75-54

5

4

- 4 21.28 78.72

55 - 5 19.48 80.52

56—6 1 7.68 82.32

57 “ 7 x6 -35 8 3 65
58- 8 25-35 84.65

59 “ 9 14.74 85.26
60—10 14.42 85.58

61 — 1

1

14.22 85.78
62—12 14 06 85.94

63 — 1 3 J 3 - 9° 86.10

64- 14 13.76 86.24

65-15 13.62 86.38

66—16 13-50 86.50

67-17 1 3*35 86 65
68- 18 i 3- x 4 86-86

69-19 12.86 87.14

70 — 20 12.53 87.47

71 — 21 12.1

1

87.89

72 — 22 1 1.65 88-35

73-23 1 1.20 88.8c

74-24 10.75 | 89.25

Z z

Sixty years difference.

Ages. Probabilities.

6 1 — 1 34-94 65.06
62— 2 24 -I 3 75-87
6 3~ 3 19.52 80.48

64- 4 16.19 83.81

65- 5 14.28 85.72
66—6 12.37 87.63

67- 7 10.92 89.08

68- 8 9.82 90.18

69- 9 9.12 90.88

70— 10 8-73 9 1 *27

7 1
— 1

1

8.46 9 x -54
72-12 8.25 9 x -75

73 1 3 8.05
|

91.95

74-

H

7.S8 92.12

75— x 5 7-75 92.25

76 — 16 7.68. 92.32

77 — 27 7-59 92.41

78-18 7 -43 .
92-57

79 - ! 9 7*29 92.85

80-20 6.QC 93. 10

81 — 21 6.55 93-45
82— 22 6.16 93-84
83- 2 3 5 - 8 i 94.19
84-24 556 94-44

Forty
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Forty years difference. S

3

Fifty years difference. Sixty years difference.

Ages. Probabilities.
|

Ages. Probabilities. Ages. Probabilities.

65- 2 5 17.22 82.78! 75-25 IO.32 89.63 85 - ? 5 5 - 3 2 94 68

66— 26 16.76 83.24
j
76—26 9 - 9 1 90.09 86 — 26 5 ii 94.89

67-27 16.29 83 7 i
j
77-27 9-50 90.50 87-27 4.90 95-10

68-28 15-8 1 84.19 78-28 9°7 90-93 88-28 4-73 95.27
69-29 I 5-32 84.68 79-29 8.61 9 K39 89— 29 4.48 95-52
70-3° H - S 3 85-17 80-30 8.15 9 X - S 5 90-30 4- *3 95 87

7 1 ~ 3 l 14-34 85.66 B 1 — 31 7.70 92.3° 9 1 — 3 1 3,6 3 9637
72-32 i 3- 84 86 16 82-32 7.27 92-73 92-32 3 - IQ 96.90

73-33 13-35 86.65 83-33 6-88 93.12 93-33 2.48 97.52

74~ 34 12.87 87-13 84-34 6.60 93 40 94-34 i -94 98.06

75-35 12.42 87.58 85-35 6-35 93-6 5 95-35 1-40 98.60

76-36 11.99 88.01 86-36 6.12 93-88 96— 36 0.95 99-05
77-37 11.56 88 44 87 — 37 5 -9 i 94.09

78 -38 1 1.12 88.88

!

! 88-38 5-74 94.26

79-39 10.64 89.36 89-39 5-48 94-52
80—40 10.21 89.79 90 — 4° 5 * 11 94.89 |

81— 4 1 9.68 90.32 9I-4I 4-55 95-45
82— 42 9- x 9 90.81 92 —42 3-92 96.08 *

83-43 8.76 91.24 93-43 3- 1 5 96.85

84-44 8.46 9*-54 94-44 2.47 97-53
85-45 8.18 91.82 95-45 1.80 98.20 -

86— 46 7-95 92.05 96— 46 1.23 98.77

87-47 7-74 92.26

88-48 7*59 92.41 r

89-49 7-32 92.68

90-50 6.90 93.10

91-51 6.17 93-83
92-52 5-33 94.67

93-53 4-32 95.68

94-54 3-42 96.58
(

95-55 2.51 97-49

96-56 i .73 98.27

Seventy
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Seventy years difference. Eighty years difference.
|
Ninety years difference.

Ages. Probabilities. Ages.
|

Probabilities.
|

1

Ages.
1

Probabilities.

7 1 — 1 3° *49 69. 5

1

81- 1 2 4-95
!

75-05 91- 1 18.93 8 1 07
72 — 2 I 9*45 8 o.55 82— 2 H-37

!

85.63] 92- 2 9.18 90.82

73 - 3 1487 85-13 83- 3 10.34 89.66
j 93- 3 5-53 94.46

74- 4 n.59 88.41 84- 4 7-63 9 2 -37 94- 4 3.12 96.88

75 - 5 9.80 90 20 85- 5 6*34 93.66 95- 5 2.12 97.88
76— 6 7.98 92.02 86- 6 4.92 95.08 96—6 1 > 1 S 98.85

11 - 7 6.60 93-40 87- 7 3-85 96.15
78— b 5 53 94-47 88- 8 3-°4 96.96

79 - 9 4.84 95 - 16 89- 9 2.50 97-50
80- 10 4-44 95 -5^ 90— 10 2.16 97.84
81 - 1

1

4.18 95.82 91 — 11 1.86. 98.14
82- 12 3-97 96.03 92—12 i -57 9 8 -43

83 — J 3 3.80 96.20 93 — 1 3 1.25 98.75 •

84- 14 3 * 7 2 96.28 94-H 0.97 99°3
3.68 96.32 95-15 0.70 99.30

86 - 16 3-70 96.3° 96—16 0-49 99 . 5 i

87-17 3-73 96.27
88-18 3-75 96.25

89— *9 3-6 7 96-33

90— 20 3-45 96-55

91 — 21 3-°9 96.91

92 — 22 2.63 97*37

93 — 23 2.10 97 -9°

94— 24 1.64 98.36

95-25 i.i 8 98.82

96 — 26 0.80 99.20

PROBLEM II.

Suppofing the ages of A and B to be given ; to determine,

from any table of obfervations, the prefent value of the fum

S payable on the contingency of one life’s furviving the

other.

Z Z 2 S O L u
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SOLUTION,

Let r denote / i. increafed by its interefl: for a year, and let

all the other fymbols be the fame as in the preceding problem.

Let the life of B alio be fuppofed to be the older of the two

lives; and then it will follow, by real'oning as in the folution

of that problem, that the prefent value of S to be received on

death of A, ihould that happen in the life-time of B, will be ex-

b + c . a' c + d . a" d+e . a

2abr
+

lab i

’ +
labr •

+
’+/. a

prefled by the feries S x

&c. This feries may be refolved into the two following

;

lab

t

S ca' dan ea
- X —- + -

7
— 4*

2 abr aor

///
/*'

/>//

i /" &c .

.
S 6a' ca" da"' fa

abr 3 abr0
' 2 abr ah'/

1
abr

2
abr 4

&C.

The flrfl of tnefe two feries may be again refolved into

S c ca— ca' d da— da'—da" e

„ x 7 : r — ~ — r — ea — ea —ea" -- ea"'

br abr br
2

abr br 3 abr^>
&C.

. S da' ea' ea n \ o
{ x — —— &c. — ) — S x
V 2 abr

% abr3 '

c d da — da' e

X d ; —
cr acr cr2br

ea — ea ea

acr
.2

&c. Let B denote the value of an annuity on the

life of B, C the value of an annuity on a life one year older

than B, AB and AC the values of annuities on the joint lives

of A and B and of A and C, and thefe feries will be =
SxB — AI3 Sx fxC-AC

2 zbr
Again, the fecond feries above men-

tioned, or x +—

3

&c., by purfuing the fame fleps

£xS
may be found = Llf x K — AK - —— where (3 denotes the

number of perfons living at the age of a perfon one year

younger than B, K the value of an annuity on that life,
#

and
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3

and AK the value of an annuity on the joint lives of A
and K. The whole value of the furvivorlhip is therefore =
Sx

I . B-

2r

AB 0— K.

2 /;

AK — A -AC
2 br

Q. E. D.

Having now the value of the fum S payable on the contin-

gency of B’s furviving A,, the value of the lame fum, payable

on the contingency of A’s furviving B, is eafily obtained by

the well known method of fubtradting the value found above

from the whole value of the reverlion after the extinction of

the joint lives of A and B. It is evident, that the exadhiefs

of the above rule muft depend on the accuracy with which the

values of the fingle and joint lives are computed. Being pof-

felfed of luch tables for all ages* even with refpedt to the joint

lives, I have computed the following values, in order that it

may be feen how far Mr. Simpson’s approximation * (the only

rule now in ufe)' may be depended on.

* It muft be remembered, that the correction explained by Dr. Price, in

Vol. I. p. 29, &c. of his Treatife on ReverfionaFy Payments, muft be applied

to Mr. Simpson’s rule
;

that is, when the reverlion is a and notan eftate,

the value found by the rule muft be divided by £. 1, increafcd by its intereft for

a year.

Age
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PC <

* Value of£. 100

payable on the

death of A if B

furvives him. 33 <

Value of £. 100
payable on the

death of A if B

furvives him.
•

cq <

Value of £. IOO

payable on the

death of A it B

furvives him.

0
0

O
1) True Simp-

O
V

O
V True Simp-

O
V

C
V True Simp-

bn

<
M
< value. son’s <

bf,

< value. son’s
ac

< < value. SON S

value. value. value.

IC O 32.67 26.05 40 10 17.10 1 9-°7 60 60 38.t8 38.92

10 IO 24.74 2 4-75 IO 40 32.86 32.87 70 2 i8 -36 9.Si

20 2 29.99 24 73 50 2 23*36 17.06 70 IO 7.07 9* ‘5
20 IO 22. 1

1

23 - 5° 5° 10 I4.01 16.21 70 4° 25*35 15.78
20 20 ^ 7-95 27.96 5° 20 18.65 I 9* 2 9 7° 7° 42-34 42-33

3° 2 28.79 22.60 5° 5° 35 * 8° 35- s 5 80 2 14.46 5 *? 1

3° 10 19.84 21.47 6oj 2 21.52 13.61 80 10 3-93 5 - 4-3

30 3° 30.22 3°- 21 60 10 10.65 12.93 80 5° 12.05 12.00

40 2 26.65 20.07 60I30 l 7 -5 l 18.19 80 80 45-47 45-45

From this table it appears, that Mr. Simpson’s approxima-

tion in the middle ftages of life is fufficiently accurate; but

that it is exceedingly defective when the life of A is very

young. It fhould alfo be remembered, that thefe values have

been computed at a low rate of intereft, and from the

Northampton Table of Obfervations, in which the decre-

ments of life come nearer to M. de Moivre’s hypothecs than

in any other table. But if the computations be made at a

higher rate of interefl: even from this table, the approxima-

tion does not always agree fo well, as will appear from the

following fpecimens calculated at 5 per cent.

* Thefe values have been computed at 3 per cent, and from the Northampton

Table of Obfervations.

Age
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Value of £• 100 Val ue of £. 1 00 payable on the death of A
payable on the if B furvives him, according to the Swe-
death of A if B den Table of Obfei vat ions, and at 4 per

furvives aim, by cent.

the Northampton
PQ < table.

c
'-+-4

0 cc < * <
<u
bi) OjO

True Simp- -4—

<

O -tr T rue Simp- . T rue S I M P -

< < value. son’s V V value son’s <V <U value. son’s

value.
be

<
bJC

< value.
Of.

<
or

< value.

20 0 25.09 18.46 20 2 21.47 16.80 60 36 12.29 16.81

20 10 1 5-49 17 - 5 + 20 14 15.42 17.82 60 42 16.1

1

19.58

40 0 23-57 1 5-97 20 20 20.01 19.84 60 60 36.96 36 *34
60 2 ! 9 ’S 3 1 1-75 40 4 2 3*53 14.22 76 40 9.21 9.81

60J40 ‘ 8-73 19.61* 40 16 i 3
*
7 i 16.23 76 >2 12.58 14.00

40 28 17.60 20.44 94 23.81 22.8

1

40 40 27.62 27.00 76 76 42.90 43*29
60 2 4 9*39 13.01

In order further to compare Mr. Simpson’s approximation

with the true value, I have inferted in the foregoing table a

few computations deduced from the Sweden Table of Obfer-

vations, in which the decrements of life are unequal. From

thefe inftances the approximation appears to be more defective

in proportion as the probabilities of life differ from the hypo-

thecs. It may be proper, however, to obferve, that this table

has been computed from the values of two joint lives given by

Dr. Price in his Treatile on Reverfionary Payments, which

values cannot be found with perfect correftnefs at every age,

becaufe given in that Treatile (Vol. II. p. 57, &c. and p. 144,

&c.) only for ages that are either equal, or whofe difference is

five years or fome multiple of five as in the Northampton

Table, or fix years or fome multiple of fix as in the Sweden

Table. This circumffance may perhaps be fuppofed to affe<T

the values of the lurvivorfhips computed from them, when the

* Thefe values at 3 per cent, are 21.92 and 22.78.

5 joint
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joint lives differ from each other in a greater or lefs degree than

they have been given in thofe Tables. But by comparing the

values of the reverfions when the ages are equal (in which cafe

Mr. Simpson gives the true rule) it will be feen , that the

values of the joint lives are fufficiently correct for the purpofe ;

and in order to put this matter out of all doubt, I have com-

puted the values by the foregoing rule from the exadl values of

the joint lives by the Northampton Table, and alfo from thofe

values which have been deduced from Dr. Price’s Tables, and

I have found them to agree exceedingly well *.

It may be perceived, that in all the cafes of equal lives I

have computed the values of the furvivorfhips by the preceding

rule. This has only been done to prove its accuracy by com-

paring it with Mr. Simpson’s rule, which is in this particu-

lar cafe, as I have already obferved, perfe&ly right ; for when

the ages are equal, the chance of furvivorfhip mud alfo be

equal, and therefore half the value of the reverlion after the

extinction of the joint lives will be the true value of the

given Turn payable on the death of either or B, fubjeft to

the contingency of his being furvived by the other life. The •

truth of this rule is felf-evident ; nor does it at all feem to

depend on IVlr. Simpson’s folution in his Seledt Exercifes.

That it is capable, .however, of being deduced from the fore-

going feries, may be demonftrated in the following manner. By

* I (hall juft mention the following inftances. When the age of B is 20 and

that of A is 2 years, the value, by taking the joint lives from Dr. Price’s Table,

and approximating to the real values of thofe lives in the manner directed by

him, Vol. II. p. 75. of his Treatife, is 29.59. When the ages of B and A are

40 and 2, 50 and 20, 60 and 2, and 70 and 10, the refpedlive values are 26.93,

18 78, 21.57, and 7.08, which being compared with the values in p. 344. will

be found to agree almofl exa£tly with them.

reafoning
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reafoning as in p. 335. the value of the fumS, when the ages are

equal, will be = Sx^x-

—

c

-f -f i- x
C—1

+ + &c. rr
1 br b 2 di>r br‘ 2bbt

S bb cc dd q S
- x 77- + 7— 2 + nr* + &c *— x
2 bbr bb) bbr 3 2

K i-Ji + jL 4-&C =l+i_i
bbr bbr

1 * Ur* 2»' 2rbbr 3 2 ££/' £6/" i^ 3 2>' 2r 2

x BB (putting BB for the value of the two equal joint lives)=
1 1

the
S t r — I

“ X - — xBB= (fince the perpetuity P is -— and

intereft of any fum is that fum multiplied by r—
i)

F •—7.1 — LR ‘

which is Mr. Simpson’s rule with Dr.— x
2

Price’s correction ; that is, “ half the fum multiplied by the

“ difference between the perpetuity and the value of the equal

joint lives, and divided by yf. i increafed by its intereft for a

a year
>»

PROBLEM III.

The ages of A and B being given ; to determine the value

of the fum S, payable on the extinction of one life in particu-

lar, fhould that happen after the extinction of the other life.

SOLUTION.

Suppofing B to be the oldeft of the two lives and the fum

S to become payable on his deceafe, it is evident that this

payment at the end of the firft year mu ft depend on the con-

tingency of both lives being extinCt before this period and of

B’s dying laft. Retaining the fame fymbols, and reafoning as

I have done in the folution of the firft problem, this value

Vol. LXXVIII. A a a will
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will be exprefifed by the fraction
S . a' . b — c

labr
The payment of

the fum S at the end of the fecond year will depend on either

of two events happening. Firft, that A and B both die in

the fecond year after having furvived the firft, retrained, as

above, to the contingency of B’s having died laft ; fecondly,

that B dies in the fecond year and A in the firft year. The

value therefore of S for this year will be exprefied by the two

fractions
* ‘ *

-4 -1- LilZ ill

,

Again, the payment of S in

the third year will depend either on A and B’s both dying in

that year, and B having died laft ; or on B’s dying in that

year, and A’s dying in the firft or fecond years. The value

therefore of S for this year will be=:
S . a" .a — e S .d—e.a'-\-a'

+
2abr* ‘ abr 3

By proceeding in this manner for the other years the whole

S Q? t) C

value of the reverfion will be found = - x —

—

P
2 abr

a" . c-d
abr

+

a"' . d-e

abr3

nn r

H f~A
—

~

+&C. + SX
abr4

a', c-d a'+ d'.d-e a' + a" + a"\e-f
abr

z abr3 abr4

-P&c.. The firft of thefe feries by proceeding in the fame

manner as in the folution of the fecond problem may be found =

®xK-AK-
lb

13-AB
-i . B-AB + 4-x C-AC; and the fe-

ir 2br

cond feries may be found = - x C - AC +
hr

B- AB
Hence the

whole value of the reverfion will be = S x
K———

1

c £2
abr

r— I . B-AB
»

2r
Q. E. D..

Having now the value of the fum S depending on the older

of the two lives dying laft, the value of the fame fum

depending



on Survivor/hips
. 34.9

depending on the younger of the two lives dying lad; is eafily

obtained, by fubtrading the value firft found from the whole

value of the reverfion after the extinction of both lives.

The anfwers computed by this rule differ rather more from

thofe computed by Mr. Simpson’s approximation than they do

in the preceding problem. But I am fearful of becoming te~

dious, and therefore fhall defift from inferting the comparative

values in this cale. It may not, however, be improper to

exemplify the truth of this demonftration, by (hewing in

what manner the feries may be refolved into the plain

fimple rule for computing the value of the reverfion,

when the ages are equal. The feries in this cafe become

S . b— d S

+ -
2bbr 2bbr

a .
S,o—c.c—d

t
§.b—d.d—e

&C. 4-
77-* + -

bbr
z

bb, 3
+ &C. =

S bb cc—lbc . dd^lbd 9 S 2bc— tc 2bd'—dcL
+ &c- +

i

*

<SCC. =r

c 1
,

1

b X — + -

2r r

213 - HB 2B-BB
- = (putting L for 2B - BB, the

value of an annuity on the longeft of the two equal lives)

s 1
,

x

- x —r -

2 r

r . L S P . / - 1 L . r- 1

= - x ——:—
r 2 r r

QJE. D *

The exaB value of all reverfions depending on furvivorfhips

between two lives might be found in the lame manner as the

values in the preceding problems. With regard to the values

of reverfions depending on furvivorfhips between three lives,

I am fenfible that the folutions of thofe cafes would be rather

difficult when deduced from the real probabilities of life. But

they certainly might be effeded ; and thofe are the more necef-

fary, inafmuch as the folutions derived from the expeditions

of life are often fo very defective as not to deferve the name of

approximations.

Chatham Place, Feb. 2 , 1788.
V t V. 1 1 I.

* See the latter part of the foluticn of the fecond problem* p. 347.
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XXI. An Account of a remarkable \Tratifpoftion of the Vtfcera .

By Matthew Baillie, M. D. In a Letter to John Hunter^

Efq. F. R. S.

Read May 8, 17S8.

TO JOHN HUNTER, ESQ. F. R S.

DEAR SIR,

A VERY lingular variety having occurred lately in the

ftru&ure of the human body, I beg leave to communi-

cate an account of it by your means to the Royal Society,

if you Ihould think it worthy of their notice. It happens

by a very uncommon concurrence of circumftances, that

while I am naturally, led by the ties of affinity to apply to

you upon this occafion, I can gratify my pride by thinking it

is at the fame time to the perfon who is poflelfed of the firft

reputation for his unwearied refearches in one of the moft ex-

tenfive, as well as interefting, parts of the fyftem of nature.

I am, &c.

M. BAILLIE.

Great Windmill-ftreet,

April 12, 1788.

THERE
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THERE is nothing which tends more to illuftrate the

powers and the wifidom of nature than the inveftigation of the

ftrudture of animals. We there find a moft wonderful deli-

cacy of mechanifm, and exquifitely adapted to a variety of

purpofes. This, however, is not to be better feen by following

nature in her common tra£l than by obferving her wanderings.

In thefe fhe often {hews more particularly the extent of her

powers, and throws light on her ordinary plaits. It is fuch

circumftances which give importance or value to the obferva-

tion of fingular phaenomena. The variety in animal ftrudfure,

an account of which I have the honour of prefenting to this

learned Society, is a complete tranfpofition in the human fub-

jedl of the thoracic and abdominal vifeera to the oppofite fide

from what is natural.

It is fo extraordinay as fcarcely to have been feen by any of

the moft celebrated anatomifts, and indeed has been but very

generally noticed at all. The circumftance has been men-

tioned, but it has not been particularly deferibed fo as to make

it thoroughly known, or to eftablilh its certainty; It was

hanging in the minds of many as doubtful, whether fuch a

variety did really exift. There is one circumftance that attends

the account of the prefent cafe, which has not always hap-

pened in the record of fingular phaenomena, viz. that it has

been examined by phyficians and furgeons of the firft reputa-

tion in this large town, and has been in fome meafure open to

the gratification of public curiofity. Such a circumftance (were

it neceflary) .would give the ftamp of authenticity to appear-

ances even much farther removed from the ordinary plans of

nature.

I have
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I have been at the pains to confult many authors upon tins

fubjedt, but with very little fatisfadlion. I (hall not enter into

a detail of what I have met with in the courfe of thele re-

fearches, but (hall briefly notice, that when any lufus of this

fort is mentioned, it is commonly in a (ingle fen fence or two,

and the tranfpofition is not marked as univerlal, or it is a

change in the fituation of fome vi-feus from difeafe. In fhort,

I have only found this Angular lufus naturae deferibed by Cat-
tierius, M. Mery, and M. Daubenton ; but by none of

them is it fufficiently particular. Enough has been laid to

point out that they had exadtly met with the fame fort of mou-

lt rod ty ; but many circumftances have been emitted, which I

hope will be fupplied by the prefent account, which I proceed

immediately to lay before the Society.

The perfon who is the fubjedt of this Paper was a male,

near forty years of age, fomewhat above the middle ftatu re,

and of a clean adtive (laape. He was brought for difledtion in

the common way to Windmill-flreet. Upon opening the

cavity of the thorax and abdomen, the different fituation of the

vifeera was fo (hiking as immediately to excite the attention of

the pupils who were engaged in difledting it; and Mr. Cruik-

shank, as well as myfelf, were very foon informed of the An-

gularity. We were much furprized as well as pleafed with

the appearance, and I began immediately to examine every

part of the change with considerable attention : for this pur-

pofe, after defiring a drawing to be made of the appearances

ns they were found upon opening the body, I next day in-

jected it. The repeated di (fed!ions have furnilhed various

views, which are rep refen ted faithfully by drawings, and

which I hope will enable me to give a tolerably diftindt ac-

count of this Angular lufus naturae. I (hall not enter in my
defeription into unneceflfary minutiae : this would render the

5 Paper
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Paper lefs luited to the Society, would not convey more infor-

mation to perfons thoroughly acquainted with anatomy, and

would rather tend to obfcure what is more important to thofe

who have not given lo much attention to fubjecls of this na-

ture. It may not be improper to obferve, that, befides the

tranfpofition in the vifcera of this perfon, there are fcveral

peculiarities which fometimes occur. I have taken notice of

them in my defcription, although they are entirely indepen-

dent of the tranfpofition.

Defcription of the thorax.

The mediaftinum, or anterior duplicature of the pleura fe-

parating the two cavities of the cheft from each other, was

found to incline obliquely downwards to the right fide fully

as much as it does commonly to the left- fide of the cheft.

The pericardium too inclined obliquely to the right-fide. On
preffing it gently away from the lungs the phrenic nerves came

diftin&ly into view, in their common fituation ; but the right

phrenic nerve ran more obliquely, and was longer than the

left. The lung upon the right-fide was divided by a fingle

oblique fifture into two lobes, having at the fame time a defi-

ciency oppofite to the apex of the heart ; and the lung on the

left-fide was divided into three lobes, exactly contrary to what

is found in ordinary cafes.

On opening the pericardium the apex of the heart was found

to point to the right-fide nearly oppofite to the fixth rib, and

its cavities as well as large veflels were completely tranfpofed.

What are commonly called the right auricle and ventricle were

fituated on the left-fide, and the left auricle and ventricle on

the
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the right. The pulmonary artery afcended towards the right-

fide of the chefL The aorta was alfo directing its arch to the

right ; and the vena cava fuperior, as well as inferior, were

feen opening into their auricle on the left-fide of the fpine.

There was nothing remarkable in the fize or general figure of

the heart.

On the outfide of the pericardium the tranfpofition of the

larger vefiTels was very finking. The longer fub-clavian vein

was palling from the left-fide obliquely to the right before the

branches which are fent off from the arch of the aorta. The

left carotid and fub-clavian arteries were found to arife from

the arch of the aorta by one common trunk ; the right carotid

and fub-clavian feparately.

In the duplicature of the pleura behind, or what may be

called the poferior mediaftinum, there was a change cor-

refponding to what we have already defcribed. The defcend-

ing aorta was found palling on the right fide of the fpine. The

celophagus was before it, inclining more and more to the right

towards its lower extremity, and it at length perforated the

diaphragm fomewhat on the right-fide of the fpine*. The

thoracic dudt was feen in the middle between the defcending

aorta and the vena azygos in fome places forming a plexus of

fmall branches, in another dividing itfelf into two branches,

which afterw-ards re- united in a common trunk, and at length

climbing up to terminate in the angle between the jugular and

fub-clavian veins on the right-fide of the body. The recur-

rent nerve of the parvagum on the right-fide pafifed round the

beginning of the defcending aorta, and on the left palled round
i

* The vena azygos was on the left-fide of the fpine opening in the common
way into the vena cava fuperior, which we formerly mentioned to bo alio

tranfpofed in its fituation.

the
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the common trunk of the carotid and fub-clavian arteries. The
large intercoftal nerves being exactly under the fame circum-

stances on each fide, it was impoflible there could be any tranf-

poiltion in them. It appears then, from the foregoing descrip-

tion, that every thing admitting of fuch a change was com-

pletely tran fpofed in the thorax.

Of the abdomen.

The liver was fituated in the left hypochondriac region, the

fmall lobe being towards the right, and the great lobe in the

left-fule. The ligaments uniting it to the diaphragm cor-

refponded to this change, the right tranfverfe ligament being

longer, and the left being fhorter, than ufual. The fufpen-

fory ligament could undergo little change, except being pufhed

to the left-fide along with the liver. On prefling upwards the

liver, fo as to exhibit its poflerior and under furface, the gall

bladder was feen on the left-f.de preferving its proper relative

fituation to the great lobe of the liver, and the velfels of the

portae were found upon difle&ion to be tranfpofed correfpond-

ing to the change of circumftances. The hepatic artery was

found climbing up obliquely from the right towards the left,

before the lobuius fpigelii, and entered at the ports into the

fubftance of the liver by two or three branches on the right of

the other veffels. The ductus communis cholidochus was on
the left of the other veflels, being formed from the ductus

hepaticus and ductus cyfticus in the common way, and it palled

obliquely downwards on the lefr, to terminate in the duode-

num. What was mod remarkable, of which indeed I never faw

or heard of any inftance before, it terminated in the fore- part of

the duodenum. The vena portarum palled behind the hepatic

Vol. LXXVI11. B b b
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artery and dutlus communis choiidochus, amending obliquely

towards the left- fide.
i i

The fpleen was fituated in the right hypochondriac region,

adhering to the diaphragm in the common way. What was

very remarkable was, there being three fpleetis, nearly of the

fize of a pullet’s egg, found adhering to die larger fpleen by

fhort adhefions, beiides two other flill fmaller fpleens which

were involved in the epiploon at the great end of the flomach.

I never faw fo many fmall fpleens in any one fubjeft. The

pancreas was found on the right-fide behind the flomach, run-

ning obliquely from the fpleen to the curvature of the duo-

denum, and had its duel entering in common with the dudlus

communis choiidochus into the cavity of that intefline. The

iplenic veffels were paffing along the upper edge of the pan-

creas to the right-fide, correfponding to the change of fituation

in the pancreas and fpleen.

The flomach was fituated on the right-fide, partly hid by
' the fmall lobe of the liver paffing to the left, and terminating

in the pylorus, rather on the left fide of the fpine. The duo-

denum took a mod lingular courfe ; it firfl paffied to the right-

fide, behind the fmall end of the flomach ; it then turned

upon itfelf, towards the left -fide ; it afterwards took its proper

fweep to the right-fide, paffing behind the fuperior mefenteric

artery and mefaraica major vein. The mefentery began to be

formed on the right-fide, inflead of the left, as in ordinary

cafes. The ilium terminated in the great intefline on the left-

fide, and there was in it a diverticulum of confiderable fize, a

lufus not unfrequently occurring. The caecum was fituated on

the left pfoas magnus and iliacus interims mufcles. The
tranfverfe arch of the colon paffied from the left to the right-

fideO
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fide of the body, and the figmoid flexure eroded over the right

pfoas, to get into the cavity of the pelvis.

The kidnies had their vefiels tranfpofed, as we (hall remark

more particularly afterwards ; the renal capfules had undergone

no change, as no variety could be produced by a tranfpofition.

The aorta pafled between the crura of the diaphragm into

the cavity of the abdomen, and adhered in its courfe to the

fpine on the right-fide of the vena cava inferior. Its branches

were directed in their courfe correfponding to the peculiar

fituation of the vifeera. The fplenic and coronary arteries

were paffing to the right-fide, and the hepatic artery obliquely

to the left. The fuperior and inferior mefenteric arteries were

directed to the right-fide. There was no change in the fper-

matic arteries, any tranfpofition in the tefticles (if fuch a

thing could take place) not being capable of affecting them.

The lumbar arteries could alfo undergo little change, except

that the left lumbar arteries mud neceflarily, from the peculiar

fituation of the aorta, be the longed:. The vena cava inferior
%

perforated the tendinous portion of the diaphragm, and ad-

hered in its courfe to the fpine on the left-fide of the aorta.

The right emulgent vein was much longer than ufual, paffing

from the right kidney before the aorta to terminate in the vena

cava fuperior ; and the left emulgent much fhorter, paffing from

the left kidney to the vena cava, which was fituated on the left

fide of the fpine. The right fpermatic vein was found to open

into the right emulgent, and the left into the vena cava infe-

rior, about an inch under the left emulgent. The vena por-

tarum was changed from its natural courfe, paffing obliquely

upwards to the left-fide, and its large branches, viz. the vena

fplenica, mefaraica major and minor, were all directed towards

the right-fide of the ipine.

B b b 2 There
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There was no change in the intercoftal nerve within the

cavity of the abdomen
;
nor does it feem to be capable of

being aftedled by any tranfpofition of parts. We fee then,

that there was a complete tranfpofition of the abdominal vif-

cera, each of them preferving its proper relative fituation to

the others.

I examined the brain, organs of fenfe, of generation, the

mulcles and blood veiled s of the extremities, but found nothing

in them remarkable. Indeed, I had no expectation of it ; for

all thefe parts are perfectly independent of thoracic or abdo-

minal vifcera; but I did it to fatisfy myfelf and the curiolity

of others, who might with to put fuch a queihion, or have

fuch a queftion arifing in their minds.

The perfon leems to have ufied his right-hand in preference

to his left, as is ufually the cafe, which was readily difco-

vered by the greater bulk and hardnels of that hand, as well

as the greater fiefhinefs of the arm. It was not to be ex-

pected he Ihould be left-handed; but I mention this circum-

flance too, with a view to fatisfy a curiofity which 1 know
has been excited in manv who have heard of this lufus.

J

I have been at confiderable pains to learn fomething of the

hi(lory of this perfon during life
;
but the particulars I have

heard are applicable only to the ci ream (lances of common men,

having no connection with Angularity of (IruCture, and there-

fore, I think, it would be abiding the time of the Society to

give any account of them. One thing it may be right to

mention is, that the perfon, while alive, was not conlcious of

any uncommon fituation of his heart; and that his brother,

whom 1 have leen, has his heart pointing to the left- fide as in

ordinary cafes. Indeed, there was little reafon to expeCt that

we Ihould meet with any thing particular in the account of his

7 life.
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life. His health could not be affected by fuch a change of

fituation in his vifcera; nor could there arife from it any pecu-

liar fymptoms of difeafe. Still lefs could there be any con-

nexion between fuch a change and his difpofitions, or external

actions. He might have known that his heart was direXcd

towards the right- hde; but if we conlider how little every

perfon, efpecially thole of the lower clafs, are attentive to

circumflances not very palpable, it was fcarcely to be expected

he fhould know of it. If I had met with any thing in his life

which was at all referable to the Angularity of ftruXure, I

fhould have been very glad to have gratified the public curiofity

by giving an account of it *.

Every Angular phenomenon in animal ft ruXu re is worth

remarking, even if it fhould not lead immediately to any ufe-

ful obfervation ; but it becomes more important if it fhould

tend to throw any. light upon the principles of nature in the

formation of animals. It is reafonable to think, that nature

fhould follow fome general plan in her operations. There is

fome effeX which fhe has in view, and (he will- generally em-

ploy the fame means to produce it. In the ftruXure of any

animal, her view is to form fuch a combination of parts as to

render the animal fitted for certain purpofes. She will com-

monly form the fame combination where the fame purpofes

are to be ferved ; or, in other words, there will be the fame

ffruXure in the fame fpecies of animals. The fame effeX

however may be produced, without a ffriX adherence to the

employment of the fame means, as we find to be the cafe

* Since the above lufus has occurred, I have feen, in the pnfleiiion cf Mf.

Payne, Surgeon, a foetus at the full tine, with the vilcera tranfpofed. In the

Anatomical Collection of Chrilt Church, in Oxford, there is a heart tranfpofed

that had belonged to a very frnall foetus; bur the foetus itfelf is not preferved.

in
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in all human inventions, and therefore there is no reafon why

nature fhould not fometimes deviate from her ordinary plans.

Accordingly we find there is much variety in animal ffructure ;

but this does not commonly affedt the animal functions.

Under this reffridtion the variety is lb great in the appearances

of every part of an animal, that it is almoff impofiible to exa-

mine any two animals of the fame lpecies without remarking

many differences.

In the bony compages of an animal we find little variety in

the extremities of bones where there is the apparatus of a joint,

hecaufe a particular fhape is beft adapted to a particular kind or

latitude of motion. In other parts of the bones, where a

difference of features is not material, there is great variety, as

in the foramina, deprefilons, ridges, and futures of bones.

The fame general rule will apply to variety in mufcles. The

principal object is a certain infertion near a joint, fo as to give

a determined direction of motion. With refpedt to fuch in-

lertions, there is, comparatively fpeaking, little variety ; but

there is a great difference in the bodies and connections of muf-

cles, which have no fhare in the regulation of the motion.

There is no part of an animal where there is a greater lati-

tude of variety than in the diffribution of blood veffels. The

reafon of it is very obvious. The only objedt in the diffribu-

tion of blood veffels is, to carry blood to every part of the

body and bring it back to the heart. The parts of an animal,

in order to be fupported, muff be vifited by fucceflive changes

*f frefh blood ; but it furely cannot be an objedt of impor-

tance whether the blood paffes by one rout or another. Hence

the variety in blood veffels is extremely great. Still, however,

rthere is a method in the deviations of nature, fo that they

may
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may be marked or noted, the fame varieties occurring; in dif-O
ferent animals.

It cannot be at all important to the fun ftion of a vifeus,

whether it be in one mats, or in feparate portions. The flruc-

ture being the fame, the fame aftion will take place. Hence
we often find the two kidnies joined together, forming one

mafs ; and not unfrequently two or three fpleens befides the

common one. Neither can it be important, whether a vifeus

fhould always be of the fame fhape, becaufe its functions do

not depend on fhape, but on ftrufture : we find accordingly,

in this particular, much variety.

There are many of the vifcera which are connected together

in their functions, or by the junftion of large blood-veflels,

in fuch a way as to require nearly the fame relative fituation

among themfelves. This becomes alfo neceflary in order to

preferve the general fhape of the animal. Accordingly we
find, that when any important vifeus is changed in its fitua-

tion, it affefts the fituation of other vifcera, requiring in them

a fimilar change. We law in the perfon who is the fubjeft

of this Paper, that a change in the fituation of the heart and

liver was accompanied with a change of fituation in the fto-

mach, fpleen, pancreas, and in fhort the whole abdominal

vifcera. This, however, is a great deviation in nature ; for

it is nothing lefs than changing almoft the whole vital fjftem

in an animal, and therefore it rarely happens.

In fuch a change it does not appear, that the functions can

be affefted, as they depend on flruclure and fituation, which

are both preferved. Hence the perfon who is the fubjeft of

this Paper arrived at the age of maturity, and might have

continued to live to an extreme old age.

The
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The human machine might have been conftrudled in this

way generally, and under fuch circumflances what is now

called the natural fituation of parts would have been as lingu-

lar as the prefent phenomenon.

There appears to be lefs variety in the nervous fyflem of

animals of the fame fpecies than in moll parts of the body.

There is fcarcely any difference in the appearance of the brain,

and much lefs in the dillribution of the nerves than of the

blood- veffels.

There is alfo little variety in the organs of fenfe
:
perhaps

the mechanifm in both thefe is nicer, fo that a confiderable

deviation would interfere with their peculiar functions.

The moll common great deviations which nature produces

in the llructure of an animal are various kinds of monftrofity,

by which the animal becomes often unfit for continuing its

exigence. Why nature fhould in its greater deviations fall

into a very imperfedl formation, much below the llandard of

her common work, does not appear very obvious.

It feems that there might have been many varieties where

the fundtions could have been preferved. Perhaps it is with a

view to check the propagation of great varieties, 1o as to pre-

ferve an uniformity in the fume fpecies of animals.

It has been much agitated, whether monllrohties depend on

the original formation, or are produced afterwards in the gra-

dual evolution of an animal.

This does not appear to be a queflion of much importance

;

nor perhaps can it be abfolutely determined. But upon the

whole it is more reafonable to think, that the fame plan of for-

mation is continued from the beginning, than, that at any fub-

fequent period there is a change in that plan.

It
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It may be obferved, that it is exactly the fame creative aftioii

which produces the natural flru&ure, or any deviation from it;

for in cafes of- deviation the a£tion is either carried too far,

ceafes too foon, or is diverted into uncommon channels. This

will explain the various kinds of monfirofity from redundancy,

deficiency, or tranfpofition of parts.

Vol. LXXVJII. C <? c
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XXII. On the Georgian Planet and its Satellites .

By William Herfchel, LL.D. F. R. S.

Read May 22, 1 788.

I
N a Paper, containing an account of the difcovery of two

fatellites revolving round the Georgian planet, I have given

' the periodical times of thefe fatellites in a general way, and

added that their orbits made a confiderable angle with the

ecliptic. It is hardly necedary to mention, that it requires a

much longer feries of obfervations, to fettle the mean motions

of fecondary planets with accuracy, than I can hitherto have

had an opportunity of making ; but fince it will be fome fatif-

fa£tion to aflronomers to be acquainted with feveral of the

mod: interefting particulars, as far as they can as yet be afcer-

tained, I (hall communicate the refult of my pad; obfervations

;

and believe that, coniidering the difficulty of meafuring ob-

jefts which require the utmoft attention even to be at all per-

ceived, the elements here delivered will be found to be full as

accurate as we can at this time expefl to have them fettled.

The mod: convenient way of determining the revolution of

a fatellite round its primary planet, which is that of obferv-

ing its eclipfes, cannot now be ufed with the Georgian fatel-

lites, as will be fhewn when I come to give the pofition of

their orbits ; and as to taking their fituations in many fuccel-

five oppofitions of the planet, which is likewife another very

eligible method, that mud: of courfe remain to be done at pro-

per
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per opportunities. The only way then left, was to take the

fituations of thefe fateliites, in any place where I could afcer-

tain them with fome degree of precilion, and to reduce them

afterwards by computation to fuch other fituations as were

required for my purpofe.

In January, February, and March, 1787, the pofitions

were determined by cauhng the planet to pafs along a wire, and

eftimating the angle a fatellite made with this wire, by a high

magnifying power ; but then I could only ufe fuch of thefe fitua-

tions where the fatellite happened to be either dire&ly in the pa-

rallel of declination, or in the meridian of the planet ; or

where, at leaft, it did not deviate above a few degrees from

either of them ; as it would not have been fafe to truft to more

diftant efiimations. I11 October I had improved my apparatus

fo far as to meafure the pofitions by the fame angular micro-

meter with which I have formerly determined the relative po-

fitions of double flars *.

I11 computing the periods of the fateliites I have contented

myfelf with fynodical appearances, as the pofition of their

orbits, at the time when the fituations were taken from which

thefe periods are deduced, was not fufficiently known to attempt

a very accurate fidereal calculation. By fix combinations of

pofitions at a dift'ance of 7, 8, and 9 months of time, it

appears that the firft fatellite performs a fynodical revolution

round its primary planet in 8 days 17 hours 1 minute and

19,3 feconds. The period of the fecond fatellite deduced

likewife from four fuch combinations, at the fame difiance of

time, is 13 days 11 hours 5 minutes and 1,5 feconds. The

* For a defcription of this inilrument, fee Phil. Tranf. Vol. LXXI.

p, 500. arul Vol. LX XV, p. 46.

C C C 2 com-
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combinations of which the* above quantities are a mean do

not differ much among themfelves ; it may therefore be ex-

pected that thefe periods will come very near the truth ; and,

indeed, I have for many months paft been ufed to calculate

the places of the fatellites by them, and have hitherto always

found them in the fituations where thefe computations gave

me realon to expeCt to fee them.

The epochae, from which aftronomers may calculate the pa-

fitions of thefe fatellites, are QCtober 19, 1787; for the turft

19 b. ii
7 28"

;

and for the fecond 17 h. 22
7 40". They

were at thofe times 76° 43' north- following the planet-;

which, as will be fhewn in the fequel, is the place of the

greateff elongation of the fecond fatellite; where, confe.-

quently, its real angular lituation is the fame as the apparent

one. And I have brought the fir ft fatellite to the fame place,

as hitherto there has not been time to dilcriminate the lituation

of its orbit from that of the fecond.

The next thing to be determined in the elements of thefe

fatellites is their diftance from the planet; and as we know

that, when the periodical times are given, it is fufficient to

have the diftance of one fatellite in order to find that of any

other, I confined my attention to the difeovery of the diftance

of the fecond. As foon as 1 attempted meal u res, it appeared,

that the orbit of this fatellite was feemingly elliptical; it be-

came therefore neceffary, in order to alcertain its greateff

elongation, to repeat thefe meafures in all convenient fitua-

tions; the refult of which was, that on the i8th of March,

at 8 h. 2' $o//
, I found the fatellite at the diftance of 46

//

,46

;

this being the largeft of all the meafures 1 have had an opportu-

nity of taking, hence, by computation, it appears, that the

7 fatellite’s
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fatellite* s greated vilible elongation from its planet, at the mean

diftance of the Georgium fidus from the earth, will be 44'', 23.

It ought to be mentioned, that in the redu&ion of this mea-

fure I have ufed Mayer’s tables for the fun, and the tables

publifhed in the Connoijjance des- Temps of the year 1787, re-

duced to the time of Greenwich, for the Georgian planet.

Very pollibly this diftance might not be taken exactly at

the time when the Satellite happened to be at the vertex of

the tranfverfe axis of its apparently elliptical orbit ; but, from

other meafurements, we have reafon to conclude, that it could

not be far from that point. For inftance, the 9th of Novem-

ber, at j 5 h. 56
7

15", by a mean of four good meaiures, the

fatellite was 44", 89 from the planet; which, by calculation,

reduced to the fame diftance of the Georgian fid is from the

earth as the former, gives 4i
/7

,33. And likewife, the 191I1

of March, at 7 h. 45' 59", the didance meafured 44
7/
,2 + ;

which, computed as before, gives 42
//
,i5. Now, we find,

when the places are calculated in which the fatellite happened

to be at the times when thefe two meaiures were taken, that

they fall 011 different Tides of the former meafure, and alfo on

oppodte parts of the fatellite’s orbit; but that neverthelefs

they agree lufticiently well with the pofition of the tranfverfe

axis which wc have adopted in the fequel.

Admitting, therefore, at prefent, that the fatellite moves in

a circular orbit about its planet, we cannot be much out in

taking the calculated quantity of 44", 23 for the true meaiure

of its didance. And, having afeertained this point, we calcu-

late, by the law of Kepler, and the afligned period of the

fird fatellite, that its didance from the planet mud be 33
/

) 09.

I ought however to remark, that, in this computation, a true

fidereal period fhould have been ufed ; but, as that cannot as

yet
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yet be had, the trifling inaccuracy thence arifing may well be

excufed, till, at fome future opportunity, we may be per-

mitted to repeat thefe calculations in a more rigorous manner.

As we are now upon the fubject of fucli parts of the theory

of planets as may be determined by calculation, it will not be

amifs to fee how the quantity of matter and denfity of our

new planet will fiand, when compared with the tables that

have been given of the fame in the other planets ; and in

order to this, let us admit the following data as a foundation

for our computation.

The parallax of the fun 8

The parallax of the moon 57' 11 ",

Its fidereal revolution round the earth 27 d. 7 h. 43' 1 1
//
,6.

The mean difiance of the Georgian planet from the fun

19,08 1 8.

The mean difiance of its fecond fatellite from the planet

The periodical time of this fatellite 13b. 1 1 d. 5' i
//
,$.

Hence we find, that a fpeflator, removed to the mean dif-

tance of the Georgian planet from the earth, would fee the

radius of the moon’s orbit under an angle of 27", 1866; and

if 1, d, t, reprefent the quantity of matter in the earth, the

difiance of the moon, and its periodical time ; M, D, T, be

made to fiand for the fame things in our new planet and

its fecond fatellite, we obtain, by known principles, M =

^3. And, confequently, the quantity of matter in the

Georgian planet is to that contained in the earth as 17,740612

to 1.

In order to caculate the denfity, I compare the mean of the

four bright meafures of the planet’s diameter 3/ 7975 to the

2 mean
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mean of the two dark ones 4^,295; as they are given in my
Paper on the diameter and magnitude of the Georgium fidus,

printed in Volume LXXIII. of the Philofophical Tranfa£tions,

p. 9. 11, 1 2, 13. Whence we obtain another mean diameter

4",0462 5 ; which is probably the moll accurate of any that we
have hitherto afcertained. And let us fuppofe this meafure to be-

long to the fituations of the earth and of the new planet as

they were at 10 o’clock, the 25th of O&ober, 1782 ; which is

about the middle of the feveral times when thofe meafures

from which this is deduced were taken. Then, by the tables

already referred to, we compute the diftance of the two pla-

nets from the fun and the angle of commutation; whence, by

trigonometry, we find the diftance of our new planet from

the earth for the fuppofed 25th of October; and thence deduce

its mean diameter, which is 3^, 90554. "1 his, when brought

to what it would appear if it were feen from the fun at the

earth’s mean diftance, gives T 14" ,5246; which, compared

with 1

7

,/
,2 6, the earth’s mean diameter, is as 4,31769 to 1.

The Georgium fidus, therefore, in bulk, is 80,49256 times as

large as the earth ; and confequently its denfity lefs than that

of the latter in the ratio of ,220401 to 1.

To thefe particulars, though many of them may be of no

other ufe than merely to fatisfy our curiofity, we may alfo add,

that the force of gravity, on this planet’s furface, is fuch as

will caufe an heavy body to fall through 18,67308 feet in one

fecond of time.

It remains now only, in order to complete our general idea

of the Georgian planet, to inveftigate the fituation of the orbits

of its fatellites. 1 have before remarked, that when I came to

examine the diftance of the fecond, I perceived immediately

that its orbit appeared confiderably elliptical. This induced

me
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me to attempt as many meafures as pofiible, that I might be

enabled to come at the proportion of the axes of the apparent

elliplis
; and thence argue its lituation. But here I met with

difficulties that were indeed almoft infurmountable. The un-

common faintnefs of the fatellites ;
the fmallnefs of the angles

to be meafured with micrometers which required light enough

to fee the wires; the unwieldy fize of the inftrument, which,

though very manageable, ftill demanded affiftant hands for its

movements, and confequently took away a great (hare of my
own directing power, a thing fo necefiary in delicate obferva-

tions; the high magnifiers I was obliged to ufe by way of ren-

dering the lpaces and angles to be meafured more confpicuous

;

in fhort, every circumftance feemcd to confpire to make the

cafe a delperate one. Add to this, that no meafure could pof-

fibly fucceed which had not the moft beautiful fky in its fa-

vour ; and we may eafily judge how fcarce the opportunities of

taking fuch meafures mult be in the variable climate of this

ifland. As far then as a fmall number of feleCt meafures will

permit, which, out of about twenty-one that were taken,

amounts only to five, I fhall enter into our prefent fubjeCt of

the portion of the fecond fatellite's orbit.

The following table contains in the fir ft column the correct

mean time when the meafures wrere taken. The fecond gives

the quantity of thefe meafures. In the third column are the

fame meafures reduced to the mean diftance of the Georgian

planet from the earth. The fourth contains the calculated

pofitions of the fatellite as' it would have appeared to be fitua-

ted if it had moved in a circular orbit at rectangles to the vifual

ray ; and the degrees are numbered from the firft obfervation

fuppofed to have been at zero, and are carried round the circle

from right to left.

March
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\

D. H.

March 18 8 2 5° 46,46 44,23 O 0

*9 7 47 59 44FM 42,15 26 28

April

20 7 44 8 40,23 3 8 >37 53 8

1

1

9 1 8 27 35 > 3 2 34.35 2S3 *3
Nov. 9 *5 5 6 l 5 44

-

89 42,88 1 99 59

I11 the ufe of this table I fhall partly content myfelf with

the conftruCtion of a figure, and only apply calculation to the

moft material circumfhances. By the third column we fee

that 44", 23 is the greateft, and 34^,35 the leaf!, difiance of the

fatellite. Let therefore an ellipfis be drawn Tab. V. fig. r.

having the tranfverfe and conjugate diameters cp and cv , in

the proportion of the above-mentioned meafures. About the

center c, with the radius cp, deferibe the circle PSFN ; and

fet off the points March 18, 19, 20. April 11. and Nov. 9.

according to the tabular order of degrees, beginning at p, the

fuppofed zero. From thefe points to the tranfverfe draw the

ordinates March 19 s
, 20/, April 11 x, Nov. 9 y. Then, if the

fatellite moved in a circular orbit at rectangles to the vifual

ray, we fhould have feen it at the time given in the table, as

the points are placed in the circumference of our circle; but,

fuppofing the plane of the orbit inclined to the vifual ray,

thefe points will be projected in the direction of the ordinates

;

and, falling on the places p n m r 0, will form the ellipfis we

have delineated. Now, on comparing the tabular meafures of

the third column with the diftances of pn?nr and 0 from the

center c
,
we find, that they agree full as well as we could

expeCt ; and thus, as far as a few obfervations can dof thefe

meafures effablilh the truth of the above hvpothefis.

Vol. LXXVJII. D d d That
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That we may have a point in our ellipfis from which to

depart, I fliall have recourfe to two meafures of pofitions. The

frit was taken O&ober i4d. 16 h. 28' 42'', when the fatellite

was 66° 3' fouth- following the planet. In fig. 2. let qmv be

a portion of an ellipfls, conftrudled on the femi-tranfverfe cq ,

and femi-conjugate cv, taken as 44,23 to 34,35 ;
^MF an arch

of a circle, defcribed with the radius cq abtout the center c ;

tn the fituation of the fatellite in its elliptical orbit, the 14th

of October ; A its apparent, and M its real place in the cir-

cle; Vc the parallel of the planet. Then we fliall have, by

calculating from the known period, the arch 7M 45
0

r q
'

; and

FA, by obfervation, 66 3

qj . But from the nature of the ellip-

fls, as Vc is to vc fo is (the tangent of the angle qcNl to

the radius cn) to mn (the tangent of the angle qcA to the fame

radius). Hence qcA is found 38° 7'; and therefore AcM

7
0

1 o'. That is, when the angle of pofition was taken, the

fatellite appeared to be q° 10' lefs advanced in its orbit than

it fhould have done, owing to its motion in an orbit whole

plane is inclined to the vifual ray. The meafure therefore

corre&ed, or rather reduced to the circle, inftead of 66° 3',

will be 58° 53' fouth- following ; to which, adding the calcu-

lated arch qA, and from the fum deducting 90°, we have the

pofition ^cS with the meridian 14
0 io' on the fouth-preceding

fde. In the fame manner I proceed with the fecond meafure

taken O&ober 20 d. 16 h. q' 34" ; when the fatellite appeared

to be 82° 12'' north-preceding the planet. Here the arch yM
is 25 0 21', AcM 5

0
9' ; and the meafure corrected 77

0
3' north-

preceding, which gives the inclination of the axis to the me-

ridian 120 24' on the north- following fde. I have no

reafon to prefer either of the meafures, and therefore take

a mean of both, which is 13
0

17' from fouth-preceding to

3 north-
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north-following the rcteridian, as probably neareft the truth ;

and this pofition of the axis we may fuppofe to belong to a

time which is about the mean of thofe from which it has been

deduced; or October, 1 7 d. 16 h.

We are, in the next place, to find the angle which the

plane of the meridian made at that time with the plane of

the orbit of the Georgian planet. To this end we calculate its

longitude and latitude for the given time. Then, in fig. 3.

where 93 NE is part of the folftitial colure, nc a portion of

the orbit, and 93 s of the ecliptic ; there is given the arch NE,

23
0 28' ; Ec, 89° 27' 49", 2 the complement of the planet’s

latitude; and the angle 95 Ej-, 27
0
o' 52",2, or planet’s dif-

tance from Cancer. By thefe we find the angle EcN between

the circle of latitude Nc and the meridian Ec ii° n' 41".

Now, let c, in fig. 4. be the place of the Georgian planet,

and G 9>c a part of its orbit ;
e Sis part of the ecliptic ; Nc the

meridian ; & the place of the planet’s afcending node
;
pcq

the pofition of the axis of the apparently elliptical orbit of the

fecond fatellite ; EcN the angle of pofition of the Georgium

fidus. Then, by calculation, for the above-mentioned day we

have &c, the planet’s diftance from the node on its orbit 44
0 8'

17"; c&s the inclination of its orbit to the ecliptic 46' 13";

and ^ sc a right-angle; whence Ec & 90° 33' 10", 1 the fup-

plement of the angle scsi is found; from which, taking the

angle of pofition NcE, before obtained, we have the remaining

angle, NcG, 79
0 21' 29^,1; or inclination of the planet’s

orbit to the plane of the meridian, which was required.

From the proportion of the tranfverfe •/>, fig. 1. to the con-

jugate cv, we calculate the angle vpc, which may be either

acute or obtufe. For here I muff take notice, that obfemtions

cannot immediately determine whether the fatellite, in pafiing

from/> through nmv to be in the fartheft or neareft part of

D d d 2 its
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its orbit ; as we fhall prefently fhew that this orbit is not in a

fituation to permit the fatellite to luffer either eclipfes oroccul-

tations for fome time to come. The angle vpc, therefore, if

the arch pvq be turned towards us will be 129 0 2
/

46
//

,5 ; but,

if direffed the contrary way, 50° 57' 13", 5- There is one cir-

cumflance which will bring on a dilcovery of this particular,

without waiting for eclipfes ; for if the apparent elliplis of the

fatellite’s orbit fhould contract in a year or twro, we may con-

clude this arch to lie towards the fun ; if, on the contrary, it

opens, we (hall know that the fatellite has palled through one

of its nodes about eight or nine years ago ; and that, therefore,

we muff not expedt to fee it eclipfed for more than thirty

years to come.

Now, having already determined the pofition of the axis

pc with refpe£t to the meridian, by adding the angles Ncp and

NcG, fig. 4. we obtain pen, 92
0
38' 29", 1 ; and having alfo

now calculated the ambiguous angle npc, we may refolve the

quadrantal triangle pen
, in which the angle cup gives the in-

clination of the orbit of the fatellite to the orbit of its planet,

which will be 99
0

39' 48", 9, if the fatellite be approaching

to its afeending node; but 8o° 20
/

1 1
//

> r ,
if it be lately paffc

the defeending one.

In the fame triangle we find the fide nc
, which is either

50° 59' 0^,8 or 129
0
o' 59

//

, 2 ; and taking thefe quantities, in-

creafed by fix figns, from the longitude of the planet in its

orbit, gives the place of the fatellite’s afeending node upon the

orbit of the planet, either 8 s. 6° 2! 0^,3, if the preceding

arch of the orbit pmn
,

be concave towards the fun ; or

5 s. 1 8° o' 1 ",9, if it be convex.

Thefe elements obtained, we reduce them to the ecliptic by

refolving the triangle &nm, in which we have m&n, 46' 13" ;

4 n&
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n& the difance of the afcending node of the fatellite from the
defce tiding node of the planet 6° 5

o

7
4.3"^ or 84° cz' 4.2",

1

;

and & n/n, the inclination of the fatellite’s orbit to that of its

planet 99
0
39" 49" ,9 anfwering to the former, or 8o° 20'

1 i'\i

to the latter. In confequence of this refolution, we have the

place of the afcending node of the fatellite upon the ecliptic,

f 5 s. 1
8° o' 2

//

, 9 1 ......
,

| g 6 2 2 ,3/

*

and ltS to the fame

{bi
4
6 ^4 ’4}* The orbit being fituated fo, that when the

planet will be in the afcending node of this fatellite, which

will happen about the year
[ J,

the northern half of it

will be turned towards the
j

> at the time of its meridian

paflage.

In jufice to the foregoing calculations I fhould add, that the

refult of them muf be conliderably affeCted by any fmall alte-

ration in the meafures upon which they are founded
; the gene-

ral theory, however, will certainly Hand good, and a greater

perfection in particulars could not have been obtained, unlefs I

had waited fome years, at leaf, in order to multiply good ob-

fervations. But with objects that are out of the reach of com-

mon telefcopes, and which therefore cannot be much attended

’to, even by our mof affiduous afronomers, a general theory

will perhaps nearly anfwer all the ends that may be required

of it.

The meafures of the difances were taken by a good parallel-

wire micrometer, contrived fo that one of the wires, which is

moveable, can pafs over the other ; by which means central

meafures may be obtained with more accuracy than by allowing

for
>
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for the thlcknefs of the wires, the afcertaining of which is

liable to feme difficulties ill other conftrudtions ; but here, as

we can note the divifions on the firft appearance of light at

either fide of the fixed wire, when the moveable one paffes

over it backwards and forwards, we may very conveniently

determine that part of the fcale to which the zero ought to

anfwer in central meafures. The value of the fcale was afeer-

tained by the tranfit of ftars over the two wires opened to a

certain number of divifions, and a chronometer beating five

times in two feconds of mean time *, and in a number of feve-

ral fets of experiments, the mean of each feldom differed fo

much as the 50odth part of a fecond of fpace for each divifion,

and thefe are large enough to be fub-divided and read off, with

good exadhiefs to tenths ; and yet the fpace anfwering to each

part amounts only to 282 millefimals of a fecond. The mea-

fures of the diftances alfo were as often repeated as the oppor-

tunities would permit, and a mean of them has been ufed.

The light of the fatellites of the Georgian planet is, as

we may well expedt, on account of their great diftance, uncom-

monly faint. The fecond is the brightefb of the two, but the

difference is not confiderable ; befides, we muft allow for the

effedt of the light of the planet, which is pretty ftrong within

the fmall diftances at which they are revolving. I have feen

fmall fixed ftars, as near the planets as the fatellites, and with

no greater light, which, on removal of the planet, fhone with

a confiderable luftre, fuch as I had by no means expedted of

them. A fatellite of Jupiter, removed to the diftance of the

Georgian planet, would fhine with lefs than the 1 80th part of

its prefent light ; and may we not conclude, that our new
fatellites would be of a very confiderable brightnefs if they

were brought fo near as the orbit of Jupiter, and thus appeared

180
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1 Bo times brighter than at p refen t ? Nay, this is only when

we take both the planets at their mean diftance ; for, in their

oppofitions, a fatellite brought from the fuperior planet to the

orbit of the inferior one, would refleft nearly 250 times the

former light ; from all which it is evident, that the Georgian

fatellites muft be of a conliderable magnitude.

If we draw together the refults of the foregoing calculations

into a fmall compafs, they will ftand as follows :

The firft fatellite revolves round the Georgian planet in 8

days 17 hours 1 minute and 19 feconds.

Its diftance is 33".

And on the 19th of O&ober, 1787, at 19 b. n / 28", its

pofition was 76° 43' north-following the planet.

The fecond fatellite revolves round its primary planet in 1

3

days 11 hours 5
minutes and 1,5 feconds.

Its greateft diftance is 44 ,23.

And on the 19th of Odober, 1787, its pofition at 17 b.

2 2! 40", was 76° 43' north-following the planet.

Laft year its leaft diftance was 3^\35 '» but the orblt 1S

inclined, that this meafure will change very confiderably in a

few years, and by that alteration we ftiall know which of the

double quantities put down for the inclination and node of its

orbit are to be ufed.
.

The orbit of the fecond fatellite is inclined to the ecliptic

. . f 18 degrees of Virgo
.

Its attending node is in
^ 6 degrees of Sagittarius

When the planet pafles the meridian, being in the node of

this fatellite, the northern part of its orbit will be turned

J 99
° 43

,

53 ’3
//

*l

\8i 6 4,4 j

towards the

The
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The fituation of the orbit of the firft fatellite does not feem

to differ materially from that of the fecond.

We (hall have eclipfes of thefe fatellites about the year

{IS ’ w^en they will appear to afeend through the (hadow

of the planet almoft in a perpendicular direction to the ecliptic.

The fatellites of the Georgian planet are probably not lefs

than thofe of Jupiter.

The diameter of the new planet is 34217 miles.

The fame diameter feen from the earth, at its mean diftance,

is 3">9°554-

From the fun, at the mean diftance of the earth,

T 14", 5246.

Compared to that of the earth as 4,31769 to 1.

This planet in bulk is 80,49256 times as large as the earth.

Its denlity as ,220401 to 1.

Its quantity of matter 17,740612 to 1.

And heavy bodies fall on its furface 1 8 feet 8 inches in one

fecond of time.

Slough, March 1, 1788.

W. HERSCHEL.
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XXIII. Experiments on the Formation of Volatile Alkali, and on

the Affinities of the Phlogiflicated and light Inflammable Airs .

By William A liftin, M. D. Fellow of the College of Phyji-

cians ; communicated by Charles Blagden, M.D. Sec. R. S.

i f

Read May 29, 1787.

I
N the former part of the year 1787, I undertook to exa-

. mine the elaftic fluid produced upon decompoftng volatile

alkali by the eledtric ftroke, as firft fuggefted by Dr. Priest-

ley. Some alkaline air being thus decompofed, and all its

inflammable part feparated by combuftion in glafs vefl'els in-

verted in quickftlver, I obferved a confiderable remainder of

phlogifticated air; and after many accurate experiments was

fully convinced, that this phlogifticated air had made a part in

the conftitution of the alkali. This difcovery induced me to

make a variety of fynthetical experiments on the phlogifticated

and light inflammable airs, with the hopes of forming volatile

alkali from its Ample elements. In this undertaking I alfo de-

rived much affiftance from the ingenious labours of Dr.

Priestley; who, in the courle of his experiments, had been

repeatedly ftruck with the fmell of volatile alkali from fub-

ftances not fuppofed to contain it, and had pointed out fome

important phenomena attending its produdtion. But having

acquired a more perfect knowledge of its conftituent parts, I

was enabled to produce volatile alkali in a more Ample manner,

and more demonftrative of its elements, than he had done.

Vol. LXXVIII. E e e I was
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I was not apprifed, when I hrd thefe experiments in hand,

that the firft object of my inquiry, the decompofition of volatile

alkali, and analyfis of its parts, had been fuccefsfully treated

by the celebrated M. Be rtiiollet ; and that his obfervations had

appeared in Rozjer’s Journal fome months before. To him

therefore I give up that part of the fubjeCt
; and fhall confine

myfelf in the following obfervations to fome experiments on

the formation of volatile alkali, and on the affinities of the

phlogifticated and light inflammable airs, which have not, I

believe, been hitherto taken notice of.

Firft, I endeavoured to combine the phlogifticated and light

inflammable airs, by mixing them together in various propor-

tions in their elaftic flate, and adding to them fuch fubftances as

1 thought likely to promote their uniting and forming an alkali.

With this view, I threw up to the mixture of thefe airs, ma-

rine acid air, the marine and vitriolic acids, to which I alfojoined

alkaline air. I tried the effect of cold upon thefe mixtures,

by applying to the tubes containing them cloths moiftened

with ether. I even paffed the eleCtric fpark repeatedly through

them, though with little probability of fuccefs. Laftly, I

decompofed alkaline air, and tried to reunite the identical parts

which formed it by fimilar additions ; but I could not perceive,

that in any inftance volatile alkali was produced from its two

conftituent parts mixed together in their Ample aeriform flate.

Yet it is well known, that thefe two bodies unite very rea-

dily, when they are not in an elaftic Rate. An unexpected

appearance of volatile alkali had been obferved by Dr. Priest-

ley and Mr. Kirwan before we were acquainted with its

conftitution, and by M. Haussman fmce this difcovery of

M. Berthollet. An experiment was exhibited before feve-

ral Gentlemen at Sir Joseph Banks’s Houfe, fome years ago.
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in which the quantity of volatile alkali produced is very re-

markable. In this experiment a few ounces of powdered tin

are moiftened with fome moderately ftrong nitrous ac^d, and

after they have flood together a minute or two, about half an

ounce of fixed alkali is mixed with them. A very pungent

Imell of volatile alkali is immediately perceived. The experi-

ment fucceeds equally, if lime be ufed in (lead of fixed alkali.

Any perfon, who moiftens a drachm or two of filings of zinc

with a folution of cupreous nitre, and, after they begin to a£t.

on each other, adds to them a little fait of tartar, will find

volatile alkali to be produced. Nitrous acid, or cupreous nitre,

mixed with iron filings, fulphur, and a little water, and kept

in a clofe veflel for fome hours, yields a fmell of volatile

alkali ; and if a piece of paper, ftained with a vegetable blue

fubftance, be thrown into the veflel, it will, in a fhort time, be

turned to a green colour. In each of thefe experiments the ni-

trous acid and the water are decompofed. Dephlogifticated air

from each of them combines with the metal, and their other con-

ftituent parts, the phlogifticated air of the acid, and inflam-

mable air of the water, being dilengaged at the fame inftant,

unite and form volatile alkali. Many other fimilar experi-

ments might be mentioned; but thefe are abundantly fuffi-

cient to prove, that if phlogifticated and light inflammable air

be prefented to each other at the inftant of their feparation from

folid or liquid fubftances, and before their particles have re-

ceded from each other, they readily combine and generate vola-

tile alkali.

That thefe two fubftances do not combine in their elaftic

ftate, feems to be owing principally to the inflammable

air. When thefe two airs combine, it feems neceflary that

they part with a certain quantity of that fire to which they

owe their elafticity ; and that, unlefs their attraction to each

E e e 2 other
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other exceed their attra&ion to fire, they will not unite. Even

when they are combined in the form of volatile alkali, if heat

be applied, they immediately recede from each other, and the

alkali is decompofed. When they are not in an aeriform ftate

their attraction to each other is greater, on account of the

proximity of their parts ; it is then fuperior to their attraction

to fire, and therefore they combine; but when their particles

have receded from each other, as in the aeriform ftate, their

attraction to each other is fo diminifhed by the diftance of

their parts, that their attraction to fire, which is uniform,

prevails, and keeps them in a feparate ftate. The fpecific gra-

vity of inflammable air being eleven times lefs than that of phlo-

giflicated air, the diftance of its particles muft be greater than

the diftance of the particles of phlogifticated air in the propor-

tion of \/ 1 1 to i, if the elementary particles of the two airs

be of equal magnitude; and its effeCt, on this account, in

diminifhing attraction muft be greater than that of phlogifti-

catcd air, in the proportion of, or more probably as the fquares

of, thofe numbers.

Whether it be admitted, that fire thus combines with other

fubftances, and is feparated from them by their mutual attrac-

tions, according to the general law, is not further material to

the prefent enquiry, than as it accounts for -a circumftance

which feems to be eflablifhed by the following experiments

;

namely, that the combination of the phlogifticated and inflam-

mable airs, and the formation of volatile alkali, depends

chiefly, if not altogether, on the approximation of the parts

of inflammable air, when phlogifticated air is prefen ted to

them.

Into a cylindrical glafs tube, filled with, and inverted in,

quickfilver, I introduced fome phlogifticated air, and after-

wards fome iron filings moiftened with diftilled water. By
this
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this arrangement light inflammable air, which is given out

from water in contact with iron filings, meeting with phlo-

gifticated air at the inftant of its extrication, combines with it,

and forms volatile alkali. In order to detect the minute quan-

tities of volatde alkali, which were thus generated, I fixed to

the infide of the glafs tube a fmall piece of paper, flained

with the rind of the blue raddifh. The vegetable blue was

in twenty-four hours changed to a green colour. As an addi-

tional proof of the produflion of volatile alkali, I kept in the

fame tube fome paper, which had been dipped in a folution of

cupreous nitre, expeffing to fee its colour converted from

green to blue, by the alkali which was to be produced. The
green paper became gradually paler, and in a few days the

blue colour appeared. This experiment affords a very

fatisfadlory demonftration of the formation of volatile alkali.

Water and iron filings mixed together yield inflammable air

;

but if this be given out in contact with phlogifticated air, vola-

tile alkali is produced. In thefe circumftances a double attrac-

tion takes place : one part of the water is attracted by the iron ;

the other is attracted by the phlogifticated air; and the water

feems by thefe compound affinities to be much more rapidly

decompofed, than when iron and water are mixed by themlelves.

Volatile alkali is formed in a very few hours, if nitrous air

be ufed in dead of the phlogifticated, all other circumftances re-

maining as in the former experiment. When 1 have made ufe

of nitrous air not well freed from its acid, bv which the vege-

table blue colour has been turned red, a fufficient quantity of

alkali has been generated in twenty-four hours to change it to

a green. If iron filings and water be expofed to nitrous air

for a conliderable time, the nitrous air is fo altered that a can-

dle burns in it with increaled brightnefs, as was obferved by

Dr.



384 Dr. Austin on the

Dr. Priestley. This change is accounted for by the for-

mation of the alkali, which deprivingthe nitrous air of its phlo-

giflicated part leaves a greater proportion of dephlogifticated

air.

This experiment alio fucceeds in atmofpheric air, though a

longer time is neceffary to produce a fenfible alteration in the

colours employed as tefts of the alkali; but the change is very

evident in a day or two. Hence we may conclude, that when-

ever iron ruffs in contadl with water in the open air, or in the

earth, volatile alkali is formed. PhlogiAicated air is prefent

in all parts of the terraqueous globe, and operations are con-

ftantly going on, by which inflammable air is feparated from

water, and perhaps from other bodies. Thus we may account

for the frequent appearance of volatile alkali in the earth, par-

ticularly where inflammable matters abound, among coals and

volcanic productions, as alfo in animal and vegetable lubflances.

When iron, water, and fulphur a£t upon each other in

atmofpheric air, volatile alkali is produced. The eudiometer

recommended bv Scheele is, for this reafon, incorrect. Some

phlogifticated air difappears, and volatile alkali is formed.

This method therefore feems to have milled that great che-

mift in his anaiyfls of the atmofphere, and induced him to

fuppofe, that the quantity of phlogiflicated air in the atmo-

fphere is only 2f times that of dephlogifticated air.

There is a combination of light inflammable air with ful-

phur forming hepatic air. It has been cbferved by the cele-

brated Mr. Kirwan, that if nitrous air be mixed with he-

patic air volatile alkali will be formed. I have often repeated this

experiment, and marked the formation of the volatile alkali by

the change of the vegetable blue to a green colour. I11 hepatic

air
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air the parts of inflammable air are brought nearer to each

other than they are in their Ample aeriform date*, and there-

fore the phlogidlcated air of the nitrous air combines with

them, and generates volatile alkali.

From all thefe experiments it follows, that whether phlo-

gifticated air be in a date of purity, or mixed with dephlo-

gifticated air, as in the atmofphere, or combined with it as in

nitrous air, it will in either cafe unite with the gravitating mat-

ter of light inflammable air, provided this fubflance he pre-

fented to it in a date of condenfation ; hut if the circum-

dances be reverfed, the fame combination does not take place.

No union is formed between inflammable air and the pblogidi-

cated part of nitrons air, even though marine acid be added,

which, by its attra&ion to dephlogidicated air, would contri-

bute to decompofe the nitrous air, and by its attraction to

volatile alkali would tend to unite its condituent parts : or if

to light inflammable air we add nitrous air and iron filings,

no combination enfues ; though it has been often obferved,

that volatile alkali is readily generated, when nitrous air is

prefented to the inflammable at the inflant of its extrication

from water and iron.

The proportions of the phlogiflicated and inflammable airs in

volatile alkali, as difcovered by calculation, approach very near

* Since thefe experiments were made, I have found that this is not the cafe.

The eledtric fpark decompofes hepatic air, and leaves a quantity of inflammable

air equal in bulk to the hepatic air very nearly. However, as the inflammable

air leaves the fulphur upon the application of the eledtrical fpark, it fliould feem,

that the proper matter of inflammable air is more difpofed to combine with fire

than with fulphur; which may be the reafon why hepatic air is decompcfed by

nitrous air, while pure inflammable air is not affedted by it.

7
to
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to the refult of M, Berthollet’s experiments. If we take

the fpecific gravities of thefe airs, given in Mr. Kirwan’s

late publication,

ico cubic inches contain 18,16 grains of alkaline air.

. 30,535 — of phlogifticated air.

. 2,613 — of inflammable air.

According to M. Berthollet alkaline air is expanded upon

decompofitiom from 1,7 to 3,3. Its fpecific gravity after de-

compolition muff therefore be leftened in the fame proportion ;

and 100 cubic inches will be found to contain only 9,355

grains of alkaline air thus expanded. I11 what proportion muft

the phlogifticated and inflammable airs be, in order to form a

mixture of this fpecific gravity ?

Let x reprefent the number of grains of phlogifticated air

in 100 cubic inches of the mixture : then 9,355 — ^ will ex-

prefs the number of grains of inflammable air. As the weight

of one cubic inch is to a cubic inch, fo will the weight of

either air in the mixture be to the cubic inches of that air in

the mixture ; and therefore the weight of a cubic inch

of phlogifticated air, or which is the fame, >30535 flaall be

which miift be the number of cubicto 1 , as x is to
X

.30535

inches of phlogifticated air in 100 cubic inches of the mixture;

and the weight of a cubic inch of inflammable air, that is,

or ,02613 : 1 :: o, 355 -x : ~ the cubic inches
100 J ,02613

of inflammable air in 100 cubic inches of the mixture. Thus

we have an expreftion for the cubic inches of each air ; thefe

two quantities taken together are equal to 100 cubic inches by

fuppofition. We have then,

A X

i$°535
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A' q, 3 c — *
+ — ~ ioo

»3°535 >02013

2,85654925-, 30^ 5 .

v

_^ -
' o°’53:> >

,02613

,02613*4-2,85654925 - ,30535 * = ,79787955 ;

,2 7922 # — 2,05866970

vV = 7,373 the number of grains of

phlogiflicated air in 100 cubic inches, or in 9,355 grains of

the mixture; and 9,355 - 7,373 = 1,982, the grains of inflam-

mable air.

N°w 7,373 : 1,982 :: 121 : 32 ; the quantity of phlogifli-

cated air is to that of inflammable, as 121 to 32.

According to M. Berthollet’s experiments, the quantity

of phlogiflicated is to that of inflammable air, as 121 : 29.

This is not very wide of calculation. If we conflder the great

difficulty of obtaining thefe fpecific gravities with exadtnefs,

we muft be pleafed to find fo near a concurrence, and place

more confidence in experiments on the fpecific gravities and

combinations of aeriform bodies, than has generally been given

them. M. Berthollet’s experiments come within _L. of

calculation ; and this difference will be diminifhed by two-

thirds, if we take the fpecific gravities of the phlogiflicated

and inflammable airs in the proportion of 11 to 1, as he has

done, inftead of Mr. Kirwan’s proportion, which I have fol-

lowed in this calculation.

Vol, LXXVIII. F f f
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XXIV. Some Properties of the Sum of the Divfors of Numbers .

By Edward Waring, M. D. P. R, S’.

Read May 29, 1788.

- u:ET the equation x — 1 . x
2 - 1 . x

3 - 1 . x - 1 . x
i - 1

xn — 1 — x h — pxb~ l 4 qxh
~~ z — rx h~> 4- sxb~* — &c. =

xb - a
**" 1 — x‘

~ l 4 xL~s~+-xh~7 — x h~ lz — xb ~ 4 a
':, “' 22 4 A^’

-26 —

aa~ 3 5 _ %b—40 4 a6-5 * 4 57 — &c. * . . a
,j—

" &c. = A = o. The

figns q- and — proceed alternately by pairs unto the term

xb~n
. The co-efficients of all the terms to the above men-

tioned (xb~ ) will be4», — 1 or o ; they will be4i, when

multiplied into xb
~“v

i where 1; = ——- or = -
, and 2 an

2 2

even number ; but — 1, if 3 be an uneven number ; in all other

cales they will be = o.

The numbers 1, 2, 5, 7, 12, 15, 22, 26, 39, 40, &c.

fubt rafted from h may be collefted from the addition of the

numbers 1, 1, 3, 2, 5, 3, 7, 4, 9, 5, ir, 6, See. which

confift of two arithmetical feriefes 1, 3, 5, 7, 9, 11, &c«

], 2, 3, 4, 5, 6, 7, &c. intermixed.

2. The fum of any power (w) of each of the roots in the

equation A = o will be S (w), where S(w) denotes the fum of

ail the divifors of the number m, if m be not greater than n.

Cor. Hence (by the rule for finding the fum of (/») powers

of each of the roots from the fum of the inferior powers and

co-efficients of the given equation) may be deduced S(w) =

7 /s
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/S (m - 1) - 9S (

m

- 2) + rS (jn ~ 3)
- rS (w - 4) -f / S (w - 5)

-

&c = S (w - 1) 4- S {in - 2) - S (/« - 5) - S (/?/ - 7) 4- S (w - 1 2)

+ S —
1 5)

- S (Vw - 22) - S (m — 26) 4- &c. which is the pro-

perty of tiie fum of divifors invented by the late M. Eulrr.

Cor. By fubftituting for S (;w — 1), S(w — 2), &c. their

values S (jn — 2)4-8 {m — 3)
— S (/// — 6) — S(/;/ — 8) 4- &c.,

S (/« -3)4-8 (;;; — 4) — S (w - 7)
- 3 {m - 9) 4- &c. &c. in the

given equation S («) = S (ot —
1 )

4- S (/// - 2) - S (/// — 5)
— S (w— 7)

+

&c. may be acquired an ex predion for the fum

S (77;) in terms of the fums of the divifors of numbers lei's

than in — 1, in — 2, &c. — the fame method may be uied for

a limiiar purpofe in fume of the following proportions.

Cor. By tiie rule for finding the fum of the contents of

every (>//) roots from the fums of the powers of each of the

roots may be deduced the equation — 1 .2.3.4...;;/,

or 0 — 1 - m . 0^2) 4- m . rn— 1 .
—— 0 (3)2 / 3

- tn . in — \ . m - 2 .
—— S (4) 4- 6cc.
4

4-;/; .in — 1 . .

flZ-2 S ((2))
1 - &c.

in which the fum of the divifors of any number m is expreffed

by the fums of the divifors of the inferior numbers in— 1,

m — 2, See. and their powers. If v be an even number, then

db 1 . 2 . 3 . . m will have the fame fign as the co- efficient;

if uneven, the contrary ; but if the co-efficient= 0, then will

the content 1 .2.3..;;/ vanifh. The law of this feries is

given in the Meditationes Algebraical

3. Let FI be the number of different ways by which the fum of

any two numbers i, 2, 3, 4, . . . m - 2, ;// - 1, can become

rr m ; FT the number of ways by which the fum of any three

of the above-mentioned numbers can make m ; H ", H //y
, IT"

7

,

Scc. the number of ways by which the fum of any four, five, fix,

F f f 2 See.
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&c. of the above-mentioned numbers is = m refpedtively ; then

will i ~H+H' - H" + H'" - &c. - + i or o. Let m=i?— ,
2

and it will be -f i or — i, according as z is. an odd or even

number, in all other cafes it will be=o.

PART II.

i. Let the equation be x — x . at — i . x* ~ i . x* — i . x 1 - i *

.v
11 — i . x13 - i . a.'

17 — i ... x
’1 — i . &c. = xb

'

— pxh ~~ l 4 qxb~z

— r,x
b'~

3 4 sxb
~4 — &c. xh - xh

‘~
l — xb ~~2 4 x

°' _4
-{- A?

y—S — a,6
’~ 10

— 11 + xb
~ lz

4- a4~ i6 - aA~ 1

7

— xb ~^ 4 xb 20 — a:

6
’-

2

3 4 2 a;
6

'-24
1

— xb
'~ 26 — v4

’-27 + xb'~z ^
9 &cc. = A / —

• o ;
the fum of any power

(iw) of each of the roots in the equation A 7 = 0 will be S7
(t»),

where S
7

(772) denotes the fum of all the prime divifors of the

number m, and m is not greater than n.

Cor. Hence, by the rule before-mentioned S 7
(m) = S ' (m — 1)

4 S' (rn - 2) — S
7 (m - 4) — S7

(rn - 8) 4 S7

(» - ic) + S
7 (w- 1

1

)

— S
7

(772 — 12) — S
7
(

m

- 16) 4 S
7 (m — 1 7) 4 S

7
(772 — 19) —

S
7 (w — 20) 4 S

7 (w - 23) — 2S
7

(772 - 24) 4 S' (m -26) 4
5

7
(

m

- 27) — S
7 (m - 28) 4 S

7
(772 - 29), &c.

if in this, or the preceding, or fubfequent analogous cafes

5 (m - r), or S
7
(jn - r), or S l (m - rf becomes S (of or S

7

(of

or S^) ; for S {of or S
7

(of or S 1

(of always fubftitute r.

Cor. Let L be the co-efficient of the term xb ~~m
; then, by

the above-mentioned feries contained in the Meditationes AL-

gebraicae, will 1 . 2 . 3 . 4 .. . . m x L = 1 - in .

Th—- S' (2)

X S
7

(3)
— 772 . 772—1 . 772 — 2 .

'C—C X S
7

(4)

X S'((2))*

- &c.

4 772 . 772 — I .

4 &C.

rn — 1

4 772 . 772 - I . m - 2 .

4
*»- 3

S

o
J
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— &c. be an equation, which exprefl'es a relation between the

prime divifors of the numbers I, 2, 3, 4 . . . m - 1, m , and

their powers.

Cor. The co-efficient L = the difference between the two

reipedfive numbers of different ways that m can be formed

adding the prime numbers 1, 2, 3, 5, 7, 11, 13, 19, 6cc.

the one with, and the other without, 2.

PART III.

1. Let an equation xn - 1 . x& - 1 . - 1 . x* - 1 x &cc.

x h — pxb- 1

-\-qxb
~z - rxb ~

3

+ &c. = o ; then will the fum of the

(m) powers of each of its roots be the fum of all the divifors

of m, that can be found amongff the numbers a, f3 , y, See.

2. The co-efficient of the term xh~~m will be the difference

between the two reipedtive numbers of different ways, that

the number
(
m

) can be formed from the addition of the num-

bers oc, (3 , y, 3
,
&c. ; the one containing in it an odd number of

the even numbers contained in a, (3 , y , &c. ; the other not.

PART IV.

1. Let x l — 1 . .v
1 — 1 . x * 1 — 1 . x*1 — 1 xnl — 1 . &c. =

xb — pxb~!
4- qx

b~z] — rxb~^+ &c. =* xb — x'"~
l — xb~l! + xh~s l+ xh~'71

— xh~lzl — xb~ r5/+ &c. = B = o, of which equation all the co-

efficients are the fame as in cafe the firff, and confequently

±1 or o to the term

2. The fum of any power / x m of each of the roots of the

equation B = o will be S l (m), where S7

(
m

)
denotes the fum of

the divifors of m, which are divifible by l.

Cor0 .
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Cor. Hence S 7 (w) = S' (

m

— /) 4- S / (w— 2/) — S ; (^ — 5/} —

S' (m — 7/) 4 S 1
(in — 12/) 4 S'(m — <5/) — S 7

(/// — 2 2/) —
S'(w - 26/) + &c. ; the law of the feries has been given in

Cafe r.

Cor. The fum of all the divifors of m not divifible by /==

S (/») - S' (;»)=s S (m - 1) - S / (w — /)+ (S (w — 2) — S' (02 — 2/))

— ,S (m - 5) — S7 (w — 5'^)) — (S (« - 7,
- $7 (w — 7/ )) 4 &c.

A fimilar rule may be predicated of the lum of the divifors

not divifible by the numbers a, b, c , */, &c for the fum of

the divifors of the number (m) divifible by a, b
9
c

, /, e, &c.,

where a, d, e , &c. are prime to each other = (Sa (/«)4

S* (02) 4 S' (/») 4 SJ (m) 4 S<

(
m

)

4 &c.)) - ((SaXb (jn) 4 SaXe(m) 4
S* x<r (fl*)4 SaX<*(«J' 4 S&xd (m) +ScXrf {w) 4 S' x ' (m) 4 &c.)) 4
(S' x *Xf

(»«) S^xixi (w) 4 (w) 4 S : XtX</
(«) 4- S-+*+'(w

) +
&c.))— + S i+7+‘+ #

(02) 4 &c.)) 4 ((S*+*+f+^+'(tt)

+ &c.j) - &c. = las the fum of all the divifors of m ... . divifi-

ble by a, b
,

<*, d, e
,
&c. refpe&ivelv added together, - the fum

of all the divifors of m divifible by the products {ab, ac, be , &c.)

of any two of the quantities a , b, r, d, &c.-{-the fum of all

the divifors of in divifible by the contents (abc, abd
,
acd

,
bcd9

&c.) of every three of the quantities a
9

b, c, d
, &c. — the fum of

all the divifors of m divifible by the contents of every four of

the abovementioned quantities a9 b
, c

,
d

\

&c. 4 and fo on, and

confequently S (w) — C is the fum required.

The principles given in the former parts may be applied to

this, and extended to equations of which the factors have the

formula — A; and from the fum of the inferior powers of

each of the roots, and the co-efficients may be collected the

fum of the fuperior; the fitme may be performed by the co-

efficients only, &c.

PART
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PART V.

i . S (ot x £)=« x S (£f) 4- Aim of all the divifors of (3 not

divilible by u = (2 x S(«} + fum of all the dlvifors of a not di-

vifible by (3.

?. S' (a x jG) = « x S' (£)-{- fum of all the dlvifors of (3 divi-

sible by / but not by u—Slq.

3 . S (« x (3 x y x 5 x &c.) = *xS(Sx^x Jxf, &c.) + fum
of all the dlvifors of jS x y x d x e, &c. not divilible bv a zz

u x (3 x S (y x $ x g, &c.) + lum of all the divifors of /3 x y x S

x e, &c. not divilible by »+«xfum of all the divifors of

y xT x e, &c. not divilible by (2 = a x (2 x y x S {l x e,

fiiin of all the divifors of /2 x- y xT x s, &c. not divilible by

* + «xfum of all the divifors of y x $ x e, &c. not divilible.

by (3 + cc x @ x fum of all the divifors of o x g, &c. not divilible

by y — ctx(2xyx2x S (e, &c,y-f lum of all the divifors of

(2 x y x $ x e. See. not divilible by-u + x x fum of all the divifors

of ySe, &c. not divilible by jS+;ax/3xlum of all the divi-

fors of <5e, &c. not divilible by y-!-«Xj6xyx lum of all the

divifors of e, &c. not divilible by $ = &c. The law of the

feries is mnmttfh The letters «, (3, y, S, See. which are net

contained between the parenthefes, denote prime numbers.

Cor. If lome of the letters a, (3, y , &c. be luofiftuted

for others* and others for them, the equations retailing will

be juft, and coriequently many new equations may be- deduced.

If in the preceding equations for S be wrote S', and for the

fum of all ti e divilors of a cerrain quantity not divif.blc by a

prime number (a, or /3, or y, &c.J be wrote the fum of all

the
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the divifors of that quantity not divifible by the fame prime

number, but divifible by / ; the proportions refulting will be

true.

Thefe equations may be applied to the equations given ill

the preceding parts, and from thence many others deduced.



I 395 ]

XXV. 'Experiments on the Production of artificial Cold, By Mr.
Richard Walker, Apothecary to the RadclifFe Infirmary at Ox-
ford. In a Letter to Henry Cavendifh, Efq. F.R.S. and A.S.

Read June 5, 1788.

THE Royal Society having been pleafed to infert, among

their TranfaCtions for laid year, an account of fome ex-

periments of mine, relating to the production of artificial

cold, tranfmitted in a letter from Dr. Beddoes, I am induced

to mention a few I have made fince.

Your zealous attention to this fubjeCt, under whofe aufpices

this, as well as other branches of natural philofophy, hath

received confiderable improvement, will, I hope, apologize for

the liberty I have taken in addreffing myfelf to you, efpecially

lince any new and ufeful faCts I may have afcertained are prin-

cipally owing to thofe endeavours your excellent Papers have

incited in me.

My moft powerful frigorific mixture is the following

:

Of ftrong fuming nitrous acid, diluted with water (rain or

diddled water is bed) in the proportion of two parts of the

former to one of the latter, each by weight, well mixed, and

cooled to the temperature of the air, three parts ; of vitriolated

natron (Glauber’s fait) four parts; of nitrated ammonia

(nitrous ammoniac) three and a half parts, each by weight,

reduced feparately to fine powder : the powdered vitriolated

Vpx.. LXXVI 1 I. Ggg natron
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natron is to be added to the diluted acid, the mixture well

ffirred, and immediately afterward the powdered nitrated am-

monia, again ftirring the mixture : to produce the greatefl

effect, the falts fhould be procured as dry and tranfparent as

poffible, and ufed freffily powdered. Thefe feem to be the

heft proportions when the temperature .of the air and ingre-

dients is +50° ; as the temperature at fetting out is higher or

lower than this, the quantity of the diluted acid will evi-

dently require to be proportionably diminiffied or increafed.

This mixture is but little inferior to one made by diffolving

fnow in nitrous acid, for it funk the thermometer from +32°

to - 200
;
perhaps it may be poffible to reduce the falts to fo

fine a powder as to make it equal. In this laff experiment the

diluted acid was equal in quantity to the vitriolated natron,

being four parts each, the nitrated ammonia three and a half

as before. A powder compofed of muriated ammonia (crude fal

ammoniac) five parts, nitrated kali (nitre) four parts, mixed,

mav be fubftituted in the ftead of nitrated ammonia, with

nearly equal effe<ff, and in the fame proportion.

Cryftallized nitrated ammonia, reduced to very fine powder,

funk the thermometer, during its folution in rain-water, forty-

eight degrees, from + 56°, the temperature of the air and ma-

terials, to +8° j and when evaporated gently to drynefs, and

finely powdered, it funk the thermometer forty-nine degrees,

to + 7
0
,
the temperature of the air and materials being as be-

fore at + 56° : therefore, in this fait (which produces, as ap-

pears above, much greater cold during folution in water, than

any other hitherto known) the water of cryffallization is not in

the lead: conducive to that effedt . I expe&ed, that by diluting

the ftrong nitrous acid to the proper ftrength with fnow, in-

ftead of water, by which its teoaperature would be much

reduced,.,
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reduced, and then adding the falts, a much greater degree of

cold might be produced ; but, by various diverged trials, I

found but little advantage gained; I fhall therefore forbear

mentioning the particulars. In the courfe of this winter,

1'ome diluted nitrous acid, in a wide-mouthed phial, was im-
merfed in a freezing mixture; when cooled to about -320

,
it

froze intirely to the confidence of an ointment, when the ther-

mometer fuddenly rofeto — 2 ; on adding home fnow that lay

by me, it became again liquid, and the mercury funk into the

bulb of a thermometer graduated to - 76° : I know not its

exact ftrength ; but by the effect imagine it might correfpond

nearly with that which is capable of the eafied point of fpi-

rituous congelation. Cold, I have found, may be produced

by the union of fuch falts as on mixing are decompofed, and

become liquid or partially fo. The mineral alkali produces

this effect with all the ammoniacal falts ; but with nitrated

ammonia to a confiderable degree. The mineral alkali added

in powder to nitrous acid, diluted as above, funk the thermo-

meter twenty-two degrees only, from 53
0 (temperature of air

and materials) to 31
0
. This fait contains nearly as much

water of cryflallization as vitriolated natron, and produces

more cold during folution in water than that fait. The reafon

why it produces lefs when added to acid than the neutral fait

does, is perhaps fufficiently evident. I have obferved the ther-

mometer to be ftationary, or even to rife, during the violent

efFervefcence produced 011 mixing thofe materials, and to link

as foon as that ceafed.

Vitriolated natron diflblved indifferently in rectified fpirit of

wine, and produced neither heat or cold ; the difpofition to

produce cold, during its folution, being perhaps exactly coun-

teracted by the tendency which the difi'olved fait hath in

G g g 2 uniting
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uniting with the fpirit to produce heat. Vitriolated mngnefia

(a fait very fimilar to vitriolated natron) during folution in the

diluted nitrous acid, produced nearly as much cold as that

lalt : the {mall difference there is between them, as to this

effect, may be owing to the former containing rather lefs

water in its crvftals.
j

Vitriolated natron, liquified by heat, was fet to cool ; when

its temperature was reduced to 70°, it became folid, and the

thermometer immediately rofe to 88° (eighteen degrees) its

freezing point. Does not the quantity of feniible heat evolved

by this fait, in becoming folid, indicate its great capacity for

heat, in returning to a liquid date, and confequently account

in a great meafure for its producing fuch intenfe cold during

folution in the diluted mineral acids ? Two falts, vitriolated

argillaceous earth (alum) and tartarized natron (Rochelle fait),

each contain nearly as much water of cryftallization as vitrio-

lated natron ; but produced neither of them any confiderable

effeft during folution in the diluted nitrous acid ; the latter

made the thermometer rife : neither did their temperatures in-

creafe, like that fait, in changing from a liquid to a folid

Rate.

From the obvious application of artificial frigorific mixtures

to ufeful purpofes, in hot climates efpecially, where the inha-

bitants fcarcely know by the fenfe of feeling winter from fum-

mer, it may not be amifs to hint at the eaiieft and moft

(economical method of ufing them. For moft intentions,

perhaps, the following cheap one may be fufficient : of

lfrong vitriolic acid, diluted with an equal weight of water,

and cooled to the temperature of the air, any quantity ; add to

this an equal weight of vitriolated natron in powder : this is

the proportion when the temperature fet out with is + 50%

2 and
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and will fink the thermometer to 5

0
; if higher, the quantity

of the fait muft be proportionably increafed. The obvious

and bell: method of finding the necefifary quantity of any fait

to produce the greatefi: effect, by folution in any liquid, at any

given temperature, is by adding it gradually until the thermo-

meter ceafes to fink, ftirring the mixture all the while.

If a more intenfe cold be required, double aqua fortis, as it is

called, may be ufed ; vitriolated natron, in powder, added to this,

produces very nearly as much cold as when added to the diluted

nitrous acid : it requires a rather larger quantity of the fait, at

the temperature of + 50°, about three parts of the fait to two

parts of the acid : it will fink the thermometer from that tem-

perature nearly to o, and the confequence of more fait being

required is, its retaining the cold rather longer. This mixture

has one great recommendation, a faving of time and trouble.

A little water in a phial, immerfed in a fmall tea-cup of this

mixture, will be foon frozen in fummer; and if the lalt be

added in cryfials unpounded to double aqua fortis, even at a

warm temperature, the cold produced will be fufficient to

freeze water or creams j but if diluted with one-fifth its

weight of water, and cooled, it is about equal to the diluted

nitrous acid above mentioned, and requires the fame propor-

tion of the fait. A mixture of vitriolated natron and diluted

nitrous acid funk the thermometer from + ~o° (temperature of

air and ingredients) to + io°.

The cold in any of thele mixtures may be kept up a long

time by occafional additions of the ingredients in the propor-

tions mentioned. A chemifi: would make the fame materials

ferve his purpofe repeatedly.

Equal parts of muriated ammonia and nitrated kali in pow-

der make a cheap and convenient compofition for producing

cold
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cold by folution in water; it will, by the following manage-

ment, freeze water or creams at Midfummer.

June 1 2th, 1787, a very hot day, I poured four ounces,

wine meafure, of pump-water, at the temperature of 50° (it

is well known that water at fprings retains nearly the fame tem-

perature winter and fummer, viz. about 50°, to which tempera-

ture the water may be reduced during the warmeft weather,

by pumping off fome firff) upon three ounces, Avoirdupois

weight, of the above powder (previoufly cooled by immerfing

the veffel containing it in other water at 50°), and after ftirring

the mixture its temperature was 14
0

; fome water contained in

a fmall phial, immerfed in this mixture, was confequently

foon frozen. This folution was afterwards evaporated to dry-

nefs, in an earthen veffel, reduced to powder, and added to the

fame quantity of water, under the fame circumftances as be-

fore, when it again funk the thermometer to 14
0
. Since that

time I have repeatedly ufed a compofition of this kind for the

purpofe of producing cold, without obferving any diminution

in its effcdt after many evaporations. The cold may be cecono-

mically kept up and regulated any length of time, by occa-

fionally pouring off the clear faturated liquor, and adding frefh

water, obferving to fupply it conffantly with as much of the

powder as it will diffolve.

The degree of cold at which water begins to freeze has been

obferved to vary much ; but that it might be cooled twenty-

two degrees below its freezing point was perfectly unknown to

me until lately. I filled the bulb of two thermometers, one

with the pureff rain-water I could procure, the other with

pump water ; the water was then made to boil in each, until

one-third only remained ; thefe were kept in a frigorific mix-

ture, at the temperature of +io°, for a much longer time

than
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than I thought neceflary to cool the water to the fame tempe-

rature; and by repeated trials I found it was neceflary to lower

the temperature of the mixture to near -f 5
0
, to make the

water in either of them freeze. Thefe were likewife ful-

pended out of doors, clofe to a thermometer, during the late

froft, and the water never obferved frozen. On March the

22d, at fix in the morning, the water in each remained un-

frozen, though the tubes were gently fhaken, the thermo-

meter {landing at that time at 23
0

. There appeared to be little

difference with refpedt to the degree of cold neceflary to freeze

the water, whether the tube of the thermometers were open

or clofed in vacuo (which was very nearly effe£led by buffering

the water to boil up to the orifice of the tube, and then fuddenly

fealing it) or not, but unboiled water in the fame fituatiou

froze in a higher temperature.

It' is commonly (uppofed, I believe, that gentle agitation of

any kind will difpofe water (cooled below its freezing point)

to become ice ; but I have repeatedly cooled rain-water and

pump-water, boiled a long time, and unboiled, in open veflels

to 30° or lower, and have conflantly fucceeded, after trying

other kinds of agitation in vain, by flirring, or rather fcraping

gently, the bottom and fides of the veflel containing the wa-

ter to be frozen, when after fome fhort time lmall filaments of

ice appeared, and by continuing this motion about every part of

the vtfl’el beneath the furface of the water, about two-thirds

of the water commonly froze* A (lender, pointed glafs rod I

tj fed for this purpofe.

I have the honour to be, See.

RICH. WALKER.
Oxford, March 27, 1788.

3
Extrafi
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Extract [torn a fecond Eetter from Mr . Walker to Henry

Cavendifh, Efq- Dated Oxford, May 28, 1788.

A more intenfe cold may be produced by a folution of falts

in water in fummer, than can be produced by a mixture of

fnow and fait in winter. To rain-water fix drachms (by

weight) I added fix drachms of nitrated ammonia reduced to

a very fine powder which made the thermometer fink from

+ 50° (temperature of the materials) to 4
0

, then adding fix

drachms of mineral alkali very finely powdered the thermo-

meter funk to - 7
0
, fifty-feven degrees. It is obfervable, that

in the latter there are two caufes concur in producing the effedt,

the liquifadtion both of the fnow and fait ; but in the experi-

ment juft mentioned the liquifadtion of the falts only.

Vitriolated natron, after it had given out its water of cry-

flallization byexpofure to the atmofphere, produced no change

of temperature by folution in the diluted nitrous acid, but

during folution in water produced heat, as did likewife the mi-

neral alkali.

I have fince my laft feen Fahrenheit’s Experiments on the

freezing of Water, related in Vol. XXXIII. of the Philo-

fophical Tranfadtions ; but as mine differ in degree I take

no farther notice of them.
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XXVI. A Defcription of an Infirument which, by ihe turning cf

a Winch
, produces the Two States cf Eleftricity without

EriLtion or Communication with the Earth. In a Letter

from Mr. William Nicholfon to Sir Jofeph Banks, Bart .

P. R. S.

Read June 5, 1788.

SIR,

-FHE following account of the inftrument I had the

honour to fhew to yourfelf and other philofophical

friends, in the month of March laft, will, I hope, appear

fufficiently interefting to be communicated to the learned So-

ciety, over which you fo worthily prefide.

Plate VI. fig. 1. reprefents the apparatus fupported on a

glafs pillar 6f inches long. It confifis of the following parts.

Two fixed plates of brafs, A and C, are feparately infulated

and difpofed in the fame plane, fo that a revolving plate B may

pafs very near them, without touching. Each of thefe plates is

two inches in diameter ; and they have adjusting pieces behind,

which ferve to place them accurately in the required pofition.

D is a brafs ball, likewife of two inches diameter, fixed 011

the extremity of an axis that carries the plate B. Befides the

more efifential purpofe this ball is intended to anfwer, it is fo

Vol. LXXVIII. H h h loaded
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-loaded within on one fide, that it ferves as a counterpoife to

the revolving plate, and enables the axis to remain at reft in any

pofition. The other parts may be diftinCtly feen in fig. 2. The
fhaded parts reprefent metal and the white reprefent varnifhed

glafs. ON is a brafs axis, palling through the piece M, which laft

fuftains the plates A and C. At one extremity is the ball D
already mentioned ; and the other is prolonged by the addition

of a glafs flick, which fuftains the handle L, and the piece

GH feparately infulated. E, F, are pins rifing out of the fixed

plates A and C, at unequal diftances from the axis. The crofs-

piece GH, and the piece K, lie in one plane, and have their

ends armed with fmall pieces of harpfichord-wire, that they

may perfectly touch the pins EF in certain points of the revo-

lution. There is likewife a pin I, in the piece M, which

intercept a fmall wire proceeding trom the revolving plate B.

The touching wires are fo adjufted, hy bending, that when

the revolving plate B is immediately oppofite the fixed plate A,

the crofs-piece GH connects the two fixed plates, at the fame time

that the wire and pin at I form a communication between the

revolving plate and the ball. On the other hand, when the

revolving plate is immediately oppofite the fixed plate C, the

ball becomes connected with this laft plate, by the touching of

the piece K againft F ; the two plates, A and B, having then

no connection with any part of the apparatus. In every other

pofition the three plates and the ball will be perfectly uncon-

nected with each other.

Mr. Cavallo’s difcovery, fo well explained in the laft

Bake rian LeCture, that the minute differences of electriza-

tion in bodies, whether occafioned by art or nature, cannot be

completely deftroyed in any definite time, may be applied to

explain
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explain the a&ion of the prefent inftrument. When the plates

A and B are oppofite each other, the two fixed plates A and C
may be confidered as one mafs ; and the revolving plate B, toge-

ther with the ball D, will conftitute another mafs. Ail the

experiments yet made concur to prove, that thefe two mafles

will not poflefs the fame electric fiate ; but that, with refpeCt

to each other, their electricities will be plus and minus. Thefe

Hates would be fimple and without any compenfation, if

the mafles were remote from each other ; but as that is not

the cafe, a part of the redundant ele&ricity will take the form

of a charge in the oppofed plates A and B. From other expe-

riments I find that the effeCt of the compenfation on plates

oppofed to each other, at the difiance of one-fortieth part of

an inch, is fuch that they require, to produce a given inten-

lity, at leafb one hundred times the quantity of eleClricity that

would have produced it in either, fingly and apart. The re-

dundant eledricities in the mafles under conlideration will

therefore be unequally diflributed : the plate A will have about

ninety-nine parts, and the plate C one; and, for the fame rea-

fon, the revolving plate B will have ninety nine parts of the

oppofite eleClricity, and the ball D one. The rotation, by de-

firoying the contaCts, preferves this unequal difiribution, and

carries B from A to C, at the fame time that the tail K
connects the ball with the plate C. In this fituation, the elec-

tricity in B r.Cts upon that in C, and produces the contrary

Hate, by virtue of the communication between C and the

ball ; which lafl: muft therefore acquire an eleCtricity of the

fame kind with that of the revolving plate. But the rotation

again deflroys the contaCl, and reftores B to its firfi fituation

•oppofite A. Here, if we attend to the effeCt of the whole

H h h z revo-
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revolution, we Shall find that the electric States of the respec-

tive maffes have been greatly increafed : for the ninety-nine

parts in A and in B remain, and the one part of eleCtricity in

C has been increafed fo as nearly to compenfate ninety- nine

parts of the oppofite eleCtricity in the revolving plate B, while

the communication produced an equal mutation in the electri-

city of the ball. A Second rotation will, of courfe, produce

a proportional augmentation of thefe increafed quantities ; and

a continuance of turning will foon bring the intensities to their

maximum, which is limited by an explofion between the

plates.

If one of the parts be connected with an electrometer, more

efpecially that of Bennet, thefe effects will be very clearly feen*

The fpark is ufually produced by a number of turns between

eleven and twenty ; and the electrometer is fenfibly acted upon

by Bill fewer. When one of the parts is occasionally con<-

neCted with the earth, or when the adjustment- of the plates

is altered, there are fome variations in the effeCus, not difficult

to be reduced to the general principles, but fufficiently curious

to excite the meditations of perfons the moft experienced in

this branch of natural philofophy. An. attention to brevity,

however, renders it neceffiiry to forbear enlarging upon them.

If the ball be connected with the lower part of Bennet’s

electrometer, and the plate A with the upper part, and any

weak eleCtricity be communicated to the electrometer, while

the poSition of the apparatus is fuch that the crofs- piece GH
touches the two pins

; a very few turns will render it percep-

tible. But here, as well as in the common doubler, the effeCt

is rendered uncertain by the condition, that the communicated

eleCtricity rauft be Strong enough to deftroy and predominate

J over.
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ever any other electricity the plates may poffefs. I fcarcely

need obferve, that if this difficulty ffiould hereafter be removed,

the inftrument will have great advantages as a multiplier of

eleCtricity in the facility of its ufe, the very fpeedy manner of

its operation, and the unequivocal nature of its refults.

I have the honour to be, &c.

W. NICHOLSON.
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The year began dry, with but little and moderate fro ft, and

proved a pleaiant and open winter : as February approached

it grew mild, was fine, forward, and drying, and continued

forward all M>rch, but more fhowery the beginning and end of

that month. With April the weather turned colder; call and

north winds the firfi three weeks flopped vegetation, and after

a fhowery latter end of the month. May had lo much cloudy

weather and cold winds as blafted the apples, and hindered the

growth of grafs ; but being dry was not unpleafant, and fuited

the grain very well, which proved good.

The bees were remarkably forward in drones this year,

which they had the middle of April ; but the cold winds and

cloudy weather afterward fo hindered their working, that they

killed their drones in May, and were backwrarder the beginning

of June than they had been feveral weeks before.

There were feveral. frofty mornings in May, and one on the

7th of June, fo fharp as to kill the young fhoots on fome of

the oaks and afh trees in the meadows. The fealon was in

general dry the firfi half of the year, and the crops of hay

were light. It was a very cool fummer ; what hot weather

there was came toward the end of June, the beginning of

July, and beginning of Angufl.

July 6, a very fhowery feafon began, which continued with

but few intermiffions to the end of the year, and was more

remarkable for the frequency than the quantity of rain, which

was not very great here. This made great plenty of grafs

and turneps ; but was very troublefome in hay-time and har-

vefl, yet more hindering than real hurting. The wettefl

months were July, O&ober, and December. The chief fair

fits were a hot week in Augufl, and a clear frofty week at the

1 full
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full moon in November. The latter part of the fummer was

very cool, the autumn mild, and not very frofly ;
but home

great ftorms, and in the countries where they had more rain

than we, there were great floods. At the full moon in De-

cember there came a week’s frofl: and a large fnow, which was

not quite gone at the end of the year.

On the annual growth of trees.

Oaks.

* Girth. Girth. Rate. Girth. Rate,

In. In. In. In. In.

I 1772 19 — 1787 4 i 1-5

2 1758 13 1772 33 1.4 t-4
CC 55i i -5

3 D58 i8§ 1772 4°2 1.6 1 7^7 58. 1.2

4 — HM CO i 56i l *3

5 1758 4 i 1772 56 1.

1

1787 77i 1.4

6 1744 20 * 7 65 45 1.2 1787 74l >•3

7 1758 18 1772 36 ' i *3 !
7
8 7 54 1.2

8 1758 76 1772 93l 1.25 ^87 109! 1.

1

9 I 75 I 124 1772 147 1.

1

1787 ^4! 1.2

30 1744 2 3i 1765 49 1.2 1787 74 1.

1

31 n44 69 i 1772 99 1.

1

1787 i J 5 1.

1

12 1744 H *
7 65 43 1.4 1787 60 0.8

13 1747 82 1765 99 § 1.0 1787 I20f 1.0

14 1744 21 J 7 65 45 1.

1

1787 64 0.9

*5 1762 io6f 1772 ii7 1.0 1787 I30 0.9

16 I 75 I n 7 1770 132 0.8 1787 H9l 1.0

17 17 5 1 114 *77° I 3 1 ! 0.9 1 7^7 J45 0.8

18
D

I75 1 «4i 1772 101 0.8 1787 109 0.5

39 1744 41 1
7 6 5 0.8 69 o*5

Afh.
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Afli.

•

Girth. Girth. Rate. Girth. Rate.

In. In. In. In. In.

20 — 1772 71 — 1787 106 2-3

21 1745 23I 1765 67 2.2 1787 1 1

1

1 2.0

22 1744 22 1765 55l 1.6 1787 92 i -7

23 1744 32 1765 61 i -4 1787 94l i -5

24 r 744 66 1765 9 J 4 1.4 1787 1 14 1 0

25 1751 20 1772 45 !-25 1782 584 0.9

26 l 7*S 55 I 77 2 64 1.2 1787 754 0.9

27 i 747 77 1765 97 1.0 1787 n 6 § 1.0

28 1772 671 — 1787 82 1.0

29 1744 56 1765 774 1.0 — ——
30 J 755 5*4 x 77 2 67 0 9 1787 80 0.9

3 1 — 1765 74 — 1781 89 0.9

32 1751 45I 1772 6 7 1.0 1787 77 0.7

33 *744 J 74 1765 34 0.8 1787 52 0.8

34 1744 17 1765 3^1 0.9 1787 524 0.7

35 1*744 20 ' 1772 40 °-7

36 *745 1 3! 1772 3*1 0.7 1787 4* 0.6

Elms.

37 1755 0 *772 42 2-5 1787 77 2-3

38 1744 28 1765 60 J -5 1787 96 1.6 •.

39 1744 37 * 758 50 0.9 1781 72 1.0

40 1744 46 1758 58 0.9
•

4 1 *744 48 1758 59 0.8

As I do not remember to have feen any particular account of

the annual growth of trees, I here fend an abftraft of fome

obfervations I have made on a confiderable number, for a

good many years back ; and have diftinguifhed in the-table the

different. kinds, and placed the mod: growing firfu

Vo l. LXXVIII. I i i Except



4 1 2 Mr. Barker on the

Except the two fir ft afh trees, I find the growth of oak and

afh to be nearly the fame. I have fome of both fort? planted

at the fame time, and in the fame hedges, of which the oaks

are the largeft, but there is no certain rule as to that. The

common growth of an oak or an afh is about an inch in girth

in a year ;
fome thriving ones will grow an inch and an half

;

the unthriving ones not fo much, fome probably lefs than any

here, for I chofe in general to meafure thofe that feemed

thriving.

Great trees grow more timber in a year than fmall ones ; for

if the annual growth be an inch, a coat of one-fixth of ail

inch is laid on all round, and the timber added to the body

every year is its length multiplied into the thicknefs of

the coat, and into the girth, and therefore the thicker the

tree is, the more timber is added. The body of N° 9 is 9 feet

long, the girth under the bark above 13 feet, the thicknefs of

the coat 1. of an inch or t
x

t of a foot : then 9 x
1 3 x a. is one

foot and fix-tenths of timber added in a year to the body, befide

the increafe on all the branches, and it has a very great head

;

one limb fquares 20 inches, and is itfelf equal to a moderate

tree.

The hedge in which N° 4. grows was planted in 1665, pro-

bably the tree is not older than that year ; it has therefore in-

creafed in girth about 1.3 inch every year fince it was fet.

The oak, N° 5. I believe fowed itfelf; and I did not know
there was fuch an one till about the year 1740, when the

hedge being cut, the tree was found, and might be then 20

years old or more.

The two afh trees N° 20. and 21. grow much fafter than

any of the reft, but are neither of them handfome growing

trees. N° 20. has feveral feams where the bark is parting from

the
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the wood, and are likely to be dead (ides. N° 2 r. was about
as thick as a walking-ftick in ,730. It does not grow roTnd
and fmooth, has no dead fide, but feveral deep furrows in it,
fo that theie two trees feem to grow fafter than they can grow
well.

In T 733, N° 23, was about as thick as a pitch-fork (haft.
The elm, N° 37. was planted with the quick in January,

1756, and cut down to the ground as that was. It is a kind
of witch elm, which grow fafter than the upright ones, and
with great round heads. N° 38. is fo far like a witch elm, that
at ten feet high it parts into a great head ; but it grows much
ftraighter and handfomer than that kind of tree generally
does.

Planted trees at a diftance from the hedge feem not to grow
fo large as fown trees in the hedge : whether from the check
the roots receive in tranfplanting, or that the trees not in hedges
are more rubbed by the cattle; perhaps both caufes concur
when the trees are tranfplanted large; but trees fet in quicks,
when very fmall, do not feem to be hurt by it. I have fome
oaks fet with the quick, and a row of acorns was fome years
after fown againO: it; but in between forty and fifty years they
have not ovei taken the planted ones in fize

; the fown feem
however inclined to be taller trees than the planted.
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XXVIII. On the Era of the Mahometans, called the

Hejera * {*y=d)'
By William Marfden, Efy.

iA R. S. and A. S.

Read June 12, 1788.

I
N their computation of time, the Arabs, and other Maho-

metan nations, reckon by a year which is purely lunar. It

has no reference to the folar revolutions,, and is of courfe un-

connected with the viciflitude of feafons. The purpofe of

its adoption appears to have been chiefly religious, for the re-

gulation of fafls and ceremonies, rather than of the civil

concerns of the people. Perhaps a confcious ignorance in mat-

ters of fcience might have determined the inftitutors to prefer

a period whofe limits were marked and obvious to the lenfes,

to one whofe fuperior accuracy depended upon aftronomical

calculation ; and it may alfo be conje&ured, that their habits of

life rendered the adjuftment of the tropical year lefs interefting

to thefe turbulent and wandering fanatics, than to nations

whofe attention was directed to agriculture and other peaceful

arts.

The era of the Mahometans, called by them the Hejera, or

Departure, is^accounted from the year of the flight of Maho-

As this mode of fpelling the word differs from that commonly followed, it

may be proper to obferve, that the Arabic letters of which it is compofed are

Hj r, a or ab
,
and that the fupplied vowels are to be pronounced fhort.

2 met*
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met, then* prophet, from Mecca, in Arabia Petraea, to Me-
dina, at that time called Yatreb, which was the thirteenth

of his pretended million, the year of Chrift 622, and of the

Julian period 5335. This event, but little memorable in

itfelf, and deriving no celebrity from the circumflances imme-

diately attending it, was, eighteen years after, didinguifhed

by the Caliph Omar, as the crilis of their new religion,

and edabliffied as an epoch, to which the dates of all the

tranfa&ionsot the faithful fhould have reference in future
(
a
)
*.

Previous to this, the people had been accudomed to compute

from the commencement of a particular war, the day of a

remarkable battle, or other occaiional event of importance to

their little communities
(
b). Accordingly, Mahomet is faid

to have been born in the fil'd year of the era of the Elephant,

fo called from an attack on the city and temple of Mecca, by

a king of Abyffinian race,, in which thole animals were em-

ployed ; and twenty years after this, the Impious war, in

which the animolity of two contending tribes occasioned

them to violate the facred or interdi&ed months, appeared of

confequence Sufficient to give rife to a new era. The uncer-

tainty and condition produced by this flu&uation demanded a

reform, and more forcibly in proportion as the intereds and

concerns of the growing empire extended themfelves. A dis-

pute between two individuals, refpedting the year in which the

term of an obligation for money Should be underdood to ex-

pire (the parties being agreed as to the month), pointed out to

the Caliph, to whofe tribunal it was referred, the immediate

neceffity of enjoining the obfervance of a determinate era, in

which the dronged prejudices of the people diould be made to

* See the authorities, at the end, under this and the fubfequent letters.

- concur
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concur with the fovereign authority. The date of the Hejera

was thenceforth expreffed in all the public ads and letters.

It mud; be underftood, that although the account of the

years, collectively confidered, was vague, that of the months

was certain, and their fucceftion at all times fcrupuloufly

attended to. Omar did not think it expedient to attempt any

innovation as to the time of beginning the year, againft which

the ideas of the people would have revolted ; and therefore,

although the efcape of Mahomet from the indignation of his

fellow-citizens was effected, according to their records, on the

firft day of the third month, or Rabee prior (on the twelfth

day of which he reached Medina), yet the Hejera takes date

from a period two months antecedent to this flight, namely,

from the firft day of Moharram, being the day on which im-

memorial cuftom had eftablilhed the celebration of the feftival

of the new year (c).

The Arabian and Syrian Chriftians, and the Mahometan

aftronorners in general, appear to have fixed this day to

Thurfday the fifteenth of the Syro-Macedonian month Ta-

mooz, anfwering to our July ; but fome among the latter, and

moft of their hiftorical writers, refer it to the next day, Fri-

day the fixteenth, and this latter date has, in modern times,

obtained almoft univerfal acceptance {d'). A religious pre-

ference which Friday claims above the reft of the week, feems

to have given effect to the arguments in its favour [e). The

difference of opinion on this fubjeCt has arifen, in the firft

place, from the uncertainty unavoidably attending a date, to

be aicertained, at a diftant period of time, from the phafe of

the moon, which is retarded or advanced by fo complicated a

variety of circumftances ffj : and the ambiguity appears, in

the fecond place, to have been promoted by the cuftom of the

Arabs
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Arabs beginning their day at fun-fet ; conformably with which

idea, the time when the moon became vifible at Mecca, being

the evening of Thurfday the fifteenth, according to our mode

of computation*, was to them the commencement of Fri-

day; which Friday (beginning a few hours later) we term the

fixteenth of July. At that period the cycle of the fun was

15; the cycle of the moon, or golden number, 15; the FvO-

man indidtion 10 ; and the dominical letter C.

The year of the Mahometans conlifts of twelve lunar

months, and no embolilm being employed to ad juft it

to the folar period (as pratftifed by the Chaldaaans and He-

brews, who were in other particulars their guides, and an-

ciently, it is faid, by the Arabs themfelves), the commence-

ment of each fucceffive lunar year anticipates the completion

of the folar, and revolves through all its feafons, the months

reflectively preferving no correfpondence (g).

In order to form a juft and accurate idea of the length of

this year, and of its component months, it will be neceftary

to diftinguifh two modes of eftimating their commencement

and duration. Thefe, though their difference is not progref-

live (never amounting to more than two whole days, and

rarely to fo much as one), may yet, if mifunderftood, occa-

fton, in fome inftances, uncertainty' and error: and more efpe-

cially as the writers on this fubjeCt have inadvertently fallen

* The new moon happened in July 622, on the 14th day, at 5J hours,

A.M. Greenwich time, or about 8 hours Mecca time; and at fun-fet of the

fame day, the moon was 5! degrees before the fun in longitude, and in 40

minutes fouth latitude, and therefore about 4! degrees above the horizon. On

the 15th, at fun-fet, it was iS 5 before the fun in longitude, in 37' north lati-

tude, and about 15°! above the horizon, confequently vifible with clear weather.

The fun fets at Mecca, on the 15th July, at 6 h, 4c/, and the twilight is there

confiderably (horter than in the high latitudes.

into
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into contradictions, from negleCting to explain to their readers

a diftinCtion of which they muft have been themfelves fuffi-

ciently aware *. Thefe modes may be denominated the vul-

gar or practical, and the political or chronological reckoning.

The vulgar or practical reckoning is that which eftimates

the commencement of the year, or firft day of the month

Moharram, from the appearance of the new moon, 941 the

evening of the firft or fecond day after the conjunction, or

from that time at which it might from its age be vifible, if

not obfcured by the circumftances of the weather, which is

fcarcely ever fo foon as twenty- four hours, and feldom later

than forty-eight hours^after the aCtual change. This appearance

is announced by perfons placed on the pinnacles of the mofques

or other elevated fituations, to the people below, who wel-

come it with the found of inftruments, firing of guns, and

other demonftrations of refpect and zeal-f* The month thus

commenced is computed to laft till the new moon again be-

comes vifible ; and fo of the remaining months, till (he has

completed her twelfth lunation, and, emerging from the fun’s

rays, marks the practical commencement of another year
(
h).

In the political or chronological mode of reckoning, the re-

turn of a new year, or the duration of the months which

compofe it, is not regulated either by the appearance of the

moon, or the calculated period of conjunction, but according

to a certain divifion of a cycle of thirty years, adopted for this

* The juflice of this remark will appear evident by contrafling the authorities

quoted under the letters (b) (z) and (m).

f Thefe falutations are more folemn or clamourous at the return of fome

months than of others, and particularly on the appearance which terminates the

month of falling, or Ramadan.

purpofe.



the Mahometans
,

called the Hejerct
. 4

1

9

purpofe*. Particular attention is due to the explanation of this

mode, both as being more artificial and complex, and becaufe

it ferves to regulate the dates in matters of hidorical record,

and indeed of all writings where pretenfion is made to accu--

racy (Jt). Upon this the Turkifh, Moorifh, and every fyde-

matic Mahometan calendar are founded.

The lunar month, or mean fynodic revolution, according

to the computation of the Arabian adronomers, confids of 29

.days, 12 hours, and 792 fcruples or parts in 1080; and tiie

year of 354 days, 8 hours, and 864 fcruples. But, as the

purpofes of mankind require that the year fhould contain an

integral number of days, it became expedient to collect and

difpofe of thefe fradtional exceedings in a confident and prac-

ticable manner ; and with this view, a cycle or period of

thirty lunar years was chofen, as the lowed number that ad-

mitted of their being formed into days, without fenfible defi-

ciency or remainder. Their fum being 1 1 days, it was deter-

mined that 1 9 of thofe thirty years fhould be compofed of

354 days, and 11 of 3^5 days each. The judnefs of this

proportion will equally appear, if it be obferved, that 8 hours

and 864 fcruples (or 48 minutes) conditute 11 parts in 30 of

twenty-four hours, and confequently in thirty years produce

an excefs of 1 1 whole days f. It remained next to be confi-

dered

* A paflage in Alfraganus (who wrote about the year of Chrift 950) would

lead us to infer, that, befide the two ways of computing time here diftinguilhed,

the Aftronomers were accuftomed to follow a third, whofe periods were marked

by the conjunction of the luminaries : but, as this learned Mahometan was a

profefled ftudent of Ptolemy’s works (which in this place he quotes), we may

conclude, that, when he fpeaks of aftronomers, he does not mean to confine the

expreftion to thoie of his own country or religion (/').

f The mean fynodic revolution being 29 d. 1 % h. 44' and nearly 3", this cycle

Vol. LXXVIII. Kkk falls
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dered in what order and method thefe additional or intercalary

days Ihould be inferted, fo as to «ife£ the compenfation re-

quired with as much equability as poflible, anch maintain a

correfpondence, as near as circumftances would admit, with

the periods marked by the phafes of the moon. The follow-

ing are the years to which, for reafons that fhall be' afterwards

affigned, it was judged proper to annex an extraordinary day,

and which (in contradiftindlion to thofe 19 that have only 354
days) are termed years of excefs, viz. the 2d, 5th, 7th, 10th,

13th, 1 6th, 18th, 2 iff, 24th, 26th, and 29th, of the cycle of

thirty years.

Their months, conformably with thofe of the Hebrew ca-

lendar, it was determined fhould confift alternately of 30 and

29 days; and therefore, in an ordinary or fimple year of 354
days, the twelfth and laft month, Dulhajee, would have only

29 ; but, in the years of excefs, the intercalary day is added to

this month, which is then made to confift of 30 days, and the

year, confequently, of 355 days (w). Thus, for example,

in the year of Chrift 622, the Hejera commenced on the 16th

of July, with the Arabian month

Moharram, which had

Days.

3°

Safar • m 29

Rabee prior - 30

Days.

Moharram,inthe 2d year, had

Safar -

Rabee prior

2 9

3°

Carried over 89 Carried over

falls fhort of thirty complete lunar years, by fomething more than 17, and con-

fequently advances one day in about 2500 years. The Chaldeans, who made
the time of the revolution to confift of onefcruple, or 1080th part of an hour,

more than the Arabs thought fit to allow, were wonderfully near to the truth (/).

If, inftead of thirty years, a cycle of nineteen had been chofen, and feven

days intercalated, there would have been an excefs of a thirtieth part of a day,

which would have caufed the reckoning to retrograde one day in 570 years.

Rabee
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Brought over

Days.

89 Brought over

Davs.

89
Rabee pofterior 29 Rabee pofterior 2 9
Joomad prior 3° Joomad prior 3°

Joomad pofterior 29 Joomad pofterior 29

Rajab -
3° Rajab -

3°

Saban - 2 9 Saban - - - 29

Ramadan 3° Ramadan -
3°

Sawal - 2 9 Sawal - 2 9

Dulkaidat 3° Dulkaidat - -
3°

Dulhajee 29 Dulhajee - -
3°

Days 354 Days 355

Ended 5 July 623. Ended 25 June 624.

It may not be uninterefling to examine the rule by which

the Arabians appear to have been guided, in placing the inter-

calary day at the end of thofe particular years which have been

fpecified. It was obferved, that the annual excefs is calculated

to be 11 parts in 30 of a day. At the commencement of the

firft year of their firfl cycle, they appear to have aflumed the

fadt (fomewhat capricioufly) that there was then an excefs of

11 parts, belonging to the preceding year, to be accounted for,

or brought on. At the end of the firffc year there wTould conie-

quently be 22 fuch parts; and at the end of the fecond year

^3 parts. Here then the firfl: intercalary day was applied ; that

fecond year wTas made to confift of 355 days, and there re-

mained 3 parts, over and above, to be carried on to the next.

Kkk 2 At
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At the expiration of the third year, the parts amounted to 14 ;

of the fourth year, to 25 ; and of the fifth, to 36 ;
when the

intercalation was again applied, and a balance of 6 parts car-

ried on. From this it will be underflood in what manner the

fractional exceedings of each year were combined and difpofed

of through the l'ucceeding years of the cycle ; and it will be

neceflary only further to remark, that, when the aggregate of

the fractions falls fhort no more than 2 or 3 parts of the

number of 30, they ftill add the intercalary day, and deduct

the deficiency from the excefs of the following year, which,

in the courfe of one cycle, takes place only three times. At

the end of the 29th year, the accumulated fractions, amount-

ing exaflly to 30, are commenfurate with the intercalation

then applied ; and the excefs of the 30th, or lafl year, is ac-

counted for in the firfl intercalation of the fucceeding period.

The operation would doubtlefs have appeared more methodical,

if the firfl intercalary day were not to have been added till the

end of the third year, and the eleventh, or lafl, till the end

of the 30th year or termination of the cycle. From this confi-

deration fome commentators have been led to difient from the

more general idea, as above given, and to fuggefl, that the

embolifm is in fa£t applied fo foon after the commencement

of the cycle, as the yearly accumulation of the fra&ional

parts exceeds the fum of half a day, or twelve hours, and

that it accordingly is made to take place at the end of

the fecond year, becaufe the fradlions then amount to 17 b.

36% or 22 parts in 30; at the end of the fifth year, becaufe

they then amount to 25 ; and at the end of the feventh year,

to 1 7 parts ; keeping thus as near as poffible to the mean divi-

sion of time, by applying the compenfation before it is fully

wanted. The effedl, however, is in both cafes the fame,

and
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and it is of but little moment to determine which theory is

right *.

This cycle of thirty Mahometan years, contains 10,631 days,

and is equal to 29 years and 39 days of our computation. The
annual mean difference is 10 days and 21 hours nearly; which

in common calculations, for Ihort periods of time, may be

reckoned at 1 1 days, by which number the lunar year antici-

pates the folar.

Annexed hereto is a table exhibiting the correfpondence of

the years of the Hejera, from the eftablifhment of that epoch,

with thofe of the Chriftian era, to the year of our Lord 2000.

Until the beginning of the prefent century, it appears fuffi-

cient to diftinguifh every tenth year ; the intervals between

which may be calculated with eafe and precilion, by attending

to what has been faid refpedting the cycle. From the year

1700 to the conclufion of the twentieth century, for the con-

venience of hiftorians yet unborn, the commencement of each

year of the Hejera is afeertained. Thefe tables are founded

upon thofe of Gravius (J. Greaves), in his Epochs cele-

briores Ulug Beigi, publifhed in 1650; but as he, in con-

formity with the principles of this celebrated Tartarian aftro-

nomer t» has fixed the epoch of the Hejera to the 1 5th July,

* The former hypothefis is fupported by Christmannus (Commentarius ad

caput primum Alfragani, 1590), who quotes many ancient authorities. Peta-

v jus (Peteau) (de Doftrina Temporum, 1627) is inclined to give the preference

to the latter, on the authority of Paulus Forosempronius, and the probability

of the matter («). It does not appear at what time the ufe of this cycle was intro-

duced, but probably fubfeqnent to the eftablifhment of the era by Omar, though

he is faid to have been affifted on that occafion by a learned Perfian.

f Ulug Beig was the grandfon of Timur the Great (Tamerlane), to vvhofe

empire he fucceeded on the death of his father Shah Rukh. He was born in

1393, and died in 1449.
inflead
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inftead of the 1 6th, or hiftoricai period, it was judged requi-

site to add one day, throughout, to his calculations. The pro-

priety of this alteration is ftrengthened by the authority of

other chronologies and by the practice of the modern alma-

nacs
•f*.

It is alfo to be obferved, that the tables of Gra-

vius, having been compofed in the Seventeenth century, are

calculated both for paft and future time, according to the old

Style ; and as the change took place, in England, in September

of the year 1752, it was neceftary to ad juft all the Succeeding

years to the new calendar. I11 order that a judgment may be

formed of the correspondence of the annual periods Ihewn by

thefe tables, founded on the cycle of thirty years, which is

adjufted to the mean motion of the moon, with tbofe marked

by the appearance of that planet, a (hort table is Subjoined,

containing a comparison of the refults of the two modes of

reckoning, during one cycle, commencing with the year of

the Hejera 1
1
7

1 (/>).

* See Tables of the Hejeni in RicCioli, Chronologia Reformata, 1659*

Ephemerides Mat. Fred. Beckii, 1695 (c).

f According to the original tables of Greaves, the firft day of Moharram,

in the year of Christ 1783, falls on the 14th November, O.S., or 25th

November, N.S. ;
and in 1784, on the 2d November, O.S., or 13th November,

N.S. ;
whereas, by two almanacs, printed at Calcutta in Bengal, it appears,

that the days fliould be the 26th and 14th November. Of thefe almanacs, the

one was compiled in the “ Office of the Million;” and the other by an ingenious

aftronomer from England
; and both founded on the ufage of the Mahometans of

India,

1 A U*
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AUTHORI'TIES.
(a) “ Epochs vero hujus ufum introduxit Omar, qui pri-

mus titulo hoc literas et diplomata lignari juftit; et quidem
anno ejuidem epochae demum i 3 , menfe Gjumada pofteriore

ut ex Hiftoria Sarac Ibn Amidi, et aliunde liquet.” Golius,

notae in Alferganum, 1669.

(<£)
“ Ante illud tempus iimilis quoque Arabibus mos fue-

rat putare fuos annos aBellorum initiis, et celebrioribus pugnis.”

Golius ut fupra.

(c) “ Arabes annos Higrae feu migrationis Muhammedicae

numerant a neomenia Muharram ; licet Muhammed Mecca

excefferit die primo Rabiae prioris, diebus 59 poll epochae iplius

diem.” Golius ut fupra.

(
d
)
“ Initium hujus epochae eft principinm Moharram,,

illius anni in quo Propheta nofter Mohammades a Mecca ad

Medinam migrabat;. et illud fecundum medium calculum, eft

feria quinta (dies Jovis), led fecundum ph lfim f unas, dies Ve-

neris.” Ulug Beig, 1449, per Gr avium, 1650.

i( ^Era Arabum ducitur 3, principio ejus anni, quo Muham-
med, relitfta Mecca, commigravit Medinam : eratque iftius

anni initium feria quinta.” Alferganus, 950, per Go-

lium,. 1669.

“ Sequimur autem Saracenum, cum facimus initium anno-

rum Hegirae a feria fexta : is enim ita feribit : ‘ Quidam inci-

piunt computationem menlium a nofte quintas ferias, et ponunt

ibi Almuharam anni repulfionis : et quidam ponunt ipfum a

nodte diei Veneris, et fecundum illud fixus eft ifte nofter liber

;

quoniam ifte dies fuit initium anni veri, et eft magis conve-

niens ortui novas lunas.* Ex quibus verbis perfpicere licet,

1 nos

«

s»

•



426 Mr. Marsden on the Era of

nos Hegiram incipere a phafi lunari, quae incidit in principium

feriae lextae, et minimum integro die poft conjundtionem me-

diam folis et lunae in oculos incurrit.” Christmannus,

I59 °.

(f) <c At fextus peculiariter dies Conventus dicitur
;
quia eo,

utpote ftbi facra, in templum cathedrale convenire folent/*

Golius ut fupra.

“ Commodum igitur tunc evenit, ut in eundem diem feria

fexta, quae Veneri confecrata fuit, et neomenia popularis, ac

luna corniculata, &c.” Petavius de Dodtrina Temporum.

{/) “ Caufae autem primam Lunae vifionem vel retardantes

vel promoventes, tres potiftimum in aftrononfta redduntur.

Prima eft obliquitas fpherae, longos vel breves occafus addu-

cens : in fignis namque longarum defeenfionum, nempe in Pif-

cibus, Ariete, et Tauro, fieri poteft, ut prima phafis Lun^e paulo

poft conjundtionem confpiciatur. Altera caufa eft tempus con-

jundtionis Lunae cum foie circa limitem Boreum. Tertia de-

nique, ft luna fit motu velox, qualis eft circa Perigasum.”

Hevelii Selenographia, 1647.

(g)
“ Ita fit, ut primus illorum menfts, qui eft Muharram,

nullam certam in anno Juliano fedem habeat ; fed quotannis

antevertat ; ac totum anni noftri contextum peragret.” Peta-

vius, Rationarium Temporum, 1702.

(Jo) “ Mahomedani menfes hujus epochae a phaft novilunii

ad phafim fequentis novilunii numerant. E duodecim menfibus

annum conftituunt.., Anni, itaque, et menfes, fecundum

eorum ufum, funt lunares veri.” Ulug Beig.

“ Voluerant autem Arabes a vefpera dipm aufpicari
;
quo-

niam a phaft lunari incipiunt numerare dies menftum.” Al-

fraganus, per Christmannum.
2 Omnes
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<c Omnes illae gentes, quse anno lunari funt ufae, non folum

hanc primam Lunas apparitionem diligenter attenderunt, fed

etiam numerum principiumque cujuflibet mends ab ea inie-

runt.” Hevelius.

(*)
“ Menfes, fecundum Ptolem.eum, computantur ab un$

media folis et lunae conjundtione, ufque ad alteram: verus au-

tem mends incipit pod: digredum luminarium, elapfo uno die

naturali.” Alfraganus, per Christmannum.

(>£)
“ Neque enim tempus quod a phad petitur, certo dedg-

nari poted, hominibus praefertim longius diffitis, aut pod ven-

turis
;
quod res civiles ac politicae requirunt : adronomicae verb

et chronological conddere abfque eo neutiquam pofl'unt. Sa-

crae, autem, quia,juxta phadn primum inditutas fuerant, juxta

eandem quoque obfervari debuerunt.” Golius ut fupra.

CO
“ Satis intelligitur, voluide Arabes de indudria recedere

a calendario Judaico, commodioremque annorum fuorum pe-

riodem et rationem intercalandi obfervare.” Christmannus*
(m) “ Adronomis, Moharram (mends primus) triginta ed

dierum, et Safar (fecutidus) undetriginta, et dmiliter mendum
unus triginta dierum, et alius undetriginta ufque ad hnem anni.

Singulis autem annis tricenis, menfem Dulheggiah (podre-

mum) undecies condituunt triginta dierum ; atque hoc dt anno

fecundo, et quinto, &c.” Ulug Beig.

“ Sunt autem menfeS quidam 30, nonnulli 29 dierum
; ut

annus fimplex condet 354 diebus. Menfes Arabum in phad

lunari variant pro luminis additione vel diminutione : ideo re<de

conditutum ed, ut menfes alternating dnt pleni et cavi. Spa-

cio triginta annorum accrefcunt undecim dies intercalares

:

ratione verse anni quantitatis* quae ponitur 354 dierum et

diei. Annus, in quo fra&iones colliguntur, habet 7 menfes

plenos et 5 cavos. Mends cui adhibetur intercalatio fempered

dierum 30 ; unde annus intercalaris nuncupatur, qui mend

Vol. LXXVIIL L 1 1 Dhilhaga
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Dhilhaga (Dulhajee) diem adjicit, ut notum eft omnibus.
1 ’

Alfraganus, per Christmannum.

(n
)

44 Sed civili ratione turn dies unus intercalatur, cum

horariae appendices dimidiatum diem fuperant, ut Paulus exiffi-

mat. Alii ut Christmannus, &c.” Petavius, Dodrina

Temporum.

(

'0

)
44 G. Kirchius in calendario ChrilP-Jud°-Turc 0

,
pr<£-

fati anni 1687 uno die ferius didum annum Turcarum recen-

fet.” Mat. Frid. Beckius, Eph. 1695.

(/>)
44 Non enim l'emper contingit, initium menfis, ratione,

et calculi et primae phafeos, incidere in eundem diem neque

hoc fit, nifi tradu temporisambo inter fe aequentur.” Alfer-

ganus, per Golium.

Table exhibiting the correfpondence of the years of the

Hejera with thofe of the Chriftian era.

An.
Hej.

An.

D. Day.

An.

Hej.

An.
D.

•

aJ

Q
An.

Hej.

An.
D. Day.

I . 622 16 July F 181 797
'

5 Mar. Su 361 971 24 0£t. Tu
1

1

632 29 Mar. Su 191 806 1 7 Nov. Tu 371 981 7 J llly Th
21 641 JO Dec. M 2O1 816 3° J uly W 381 99 1 20Mar. F

3 1 65* 24 Aug. W 21

1

826 13 Apr. F 39 1 1000 1 Dec. Su

41 661 7 May F 221 8 35 26 Dec. Su 401 1010 15 A”g- Tu
5 i 671 18 Jan. Sa 23 1 845 7 Sept. M 411 1020 27 Apr. W
61 680 1 0a. M 24 1 855 22 May W 421 1030 9 J an - F

7 i 690 15 June w 25 1 865 2 Feb. F 43 1 1039 22Sept. S11

81 700 26 Feb. Th 261 874 16 0a. Sa 441 1049 5 June M
, 9 1 7°9 9 Nov. Sa 271 884 29 June M 45 1 1059 1 7 Feb. W
IOI 719 24 July M 281 894 1 3 Mar. W 461 1068 31 Oft. F
1 1

1

729 5 AP r - Tu 291 9°3 24 Nov. Th 47 1 1078 J 4 J uly Sa
i 2

1

73 8 18 Dec. Th 301 913 7 A”g- Sa 481 1088 27 Mar. M
i 3 I 748 gjAug. Sa 3 1

1

923 21 Apr. M 49 1 io97 9 Dec, W
*4i 7 58 14 May Su 321 933 I Jan. Tu 5° l 1 107 22 Aug. Th
I 5 I 768 26 Jan. Tu 33* 942 1 5 Sept. Th 5 1

1

1117 5 May Sa
1 6 1 777 9 Oct. Th 34* 952 29 May Sa 521 1127 17 Jan. M
1 7 i 7

s
7 22 June F 35 1 962 9 Feb. Su

1 53 1 1136 29 Sept, Tu
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An.
Hej.

An.
D.

n
0

An.
Hej.

An.

D.

54 1 1146 13 June Th
1

971 I 56 3

55 i 1156 25 Feb. Sa 98

1

1 573
5 &i 1165 7 Nov. Su 991 r 5 8 3

57 i 1

1

75 22 July Tu 1 00

1

* 59 2

5 Br 1185 4 Apr. Th IOI I 1602

59 1 ”94 16 Dec. F 1021 1612
6oi 1204 29 Aug. Su IO31 1621
6i i 1214 13 May Tu IO4I 1631
62

1

1224 24 Jan. W 1051 1641

631 i 233 7 Oft. F I06l 1650
641 I243 2 1 June Su IO7 I 1660

65 t 1253 3 Mar.
M 108 I 1670

661 1262 15 Nov. W IO9I 1680

67 1 1272 29 July F I IOI 1689
681 1282 1 1 Apr. Sa 1 1 1

1

1699
691 1291 24 Dec. M
701 1301 6 Sept. W I I 12 1700

7 1

1

I3I 1 20 May Th III3 1701

721 1321 3 1 J an - Sa
I I 14 1 702

73 1 I 33° 13 Oft. M
1

1

*5 ' 7°3

74 i I 34° 27 June Tu 1116 I 7°4

75 i 1350 1 1 Mar. Th 1 1 1

7

I 7°5
761 *359 23 Nov. Sa 1 1 18 1706

771 1369 5 Aug. Su 1 1 19 1707

781 1 379 19 Apr. Tu 1 120 1708

79 1 1388 31 Dec. Th 1 1 2

1

1709
801 i 39 8 1 3Sept. F 1 122 1710

811 140S 27 May Su 1123 1 7 1

1

821 1418 8 Feb. Tu 1 124 1/ 12

831 1427 22 Oft. W 1125 1713

841 1437 5 J uly F 1126 1714.

851 1447 1 9 Mar. Su 1 127 1714
861 1456 3 Nov. M 1 128 1715

87 1 1466 *3 Aug. W 1129 1 7 16

881 1476 26 Apr. F 1130 1717

891 i486 7 Jan. Sa 1131 1718

901 *495 2 1 Sept. M 1132 1719

9 1

1

1 5°5 4 June W ”33 1720

921 J 5 i 5 1 5 Feb. Th ”34 1 721

93 i 1524 29 Oft. Sa ”33 1722

941 1534 1 3 J ul>
r ”36 17^3

95 1 1544 25 Mar. Tu ”37 1724

961 1553 7
Dec.] Th 1138 >725

L

Q
An.
Hej.

An.

D. a

21 Aug. Sa ”39 1726 1 8 Aug. th
3 May Su 1 140 1727 8 Aug. Tu

15 Jan. Tu 1
1
4

1

1728 27 July Sa

28 Sept. Th 1 142 1729 16 July W
1 1 June F ”43 1730 6 July M
23 Feb. Su 1144 1 73 1 25 June F

6 Nov. Tu ”45 1732 13 June Tu
20 July W 1 146 1733 3 June Su

2 Apr. F ”47 J 734 23 May Th

13 Dec. Su 1 148 1 7 3 5 13 May Tu
27 Aug. M ”49 1736 1 May Sa

1 1 May W 1150 1737 20 Apr. W
23 Jan. F ” 5 i 1 738 10 Apr. M
5 Oft. Sa 1152 1 739 30 Mar. F

19 June M ”53 1740 18 Mar. Tu

”54 i 74 i 8 Mar. Su

7 June F ”55 1742 25 Feb. Th
28 May w 1156 1 743 1 5 Feb. Tu
17 May Su 1 157 1744 4 Feb. Sa

6 May Th 1158 1
7 45 2 3 J an - W

25 Apr. Tu ”59 1746 r 3 J an - M
1 4 Apr. Sa 1 160 1747 2 Jan. F

4 Apr. Th 1 1 6

1

1747 22 Dec. Tu
24 Mar. M 1 162 1 748 1 1 Dec. Su
12 Mar. F ”63 ”49 30 Nov. Th
2 Mar. W 1164 1753 1 9 Nov. M

19 Feb. Su 1165 1751 9 Nov. Sa

8 Feb. Th 1 166 i 752 8 Nov. W
29 Jan. Tu 1167 i 753 29 Oft. M
17 Jan. Sa 1168 i 754 18 Oft F

7 Jan - Th 1169 1755 7 Oft. Tu
27 Dec. M ” 7

° 1756 26Sept. Su

1 6 Dec. F ”7 1 i 757 J 5 Sept. Th
5 Dec W 1172 1758 4Sept. M

24N0V. Su ”73 i 759 2 5 Aug. Sa

1 3 Nov. Th ”74 1760 1 3 Aug. W
3 Nov. Tu ”75 .1761 2 Aug. Su

22 Oft. Sa 1 176 1762 23 July F
1 1 Oft W ”77 1763 1 2 July Tu
1 Oft. M 1 178 1764 1 July Su

soSept. F ”79 1765 20 June Th
9oept. W 1 1 So 1766 9 June M

29 Aug. Su 1 181 1767 30 May Sa

1 1 2 An
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An.
Hej.

An.
D. |Day.

An.
Hej.

An.

D.

1182 1768 18 May W 1225 1810
ll8 3 1769 7 May Su 1226 181

1

1 1 84 J 77° 27 Apr. F 1227 1812

1185 1771 16 Apr. Tu 1228 1813
118b 1772 5 A pr. S11 1 229 1813

1187 1 77o 25 Mar. Th 12 3° 18:4.

1188 1774 1 4 Mar. M 123 1 1815

1189 1 7 75 4 Mar. Sa 1232 1816
1 190 1776 21 Feb. W 12 33 1817

1191 1777 9 Feb. M 1234 1818
1 192 1778 30 Jan F 1235 1819

1193 1779 19 Jan. Tu 1236 1820

1194 1780 8 Jan. Sa I237 1821

1 x 95 1780 28 Dec. Th 1238 1822

1196 1781 1 7
Dec. M 1239 1823

”97 1782 7
Dec. Sa 1240 1824

1198 i 7 8 3 26 Nov. W 1241 1825

1199 1784 14N0V. Su 1242 1826
1200 1785 4 Nov. F 1243 1827
1201 1786 24 Oct. Tu 1244 1828
1202 1787 13 oa Sa 1245 1829
1203 1788 2 oa. Th 1246 1830
1204 '1789 2 I Sept. M 1247 1831
1205 1 90 loSept. F 1248 1832
1206 1 79 1 3 1 Aug. W 1249 i 8 33
1207 1792 * 1 9 Aug- Su 1250 1834
1208 1793 9 Aug. F 1251 1835
1209 1794 29 July Tu 1252 1836
1210 1795 18 July Sa 1253 1837
1211 1796 7 July Th 1254 1838
1212 1 797 26 June M 1255 1839
1213 1798 15 June F 1256 1840

1214 1 799 5 June W 1257 1841

1215 1800 24 May Su 1258 1842
1216 1801 14 May F 1259 1843
1217 1 802 2 May Tu 1 260 1844
1218 1803 22 Apr. M 1261 1845
1219 1804 1 1 Apr. Th 1262 184S
1220 1805 31 Mar. M 1263 1846
1221 1806 20 Mar. F 1264 1847
1 222 1 807 ioMar. W 1265 1848
1223 1 808 27 Feb. Su 1266 1849
1224 1809 15 Feb, Th 1267 1850

>>
C3

Q
An.

Hej.

An.

D,
re

Q

5 Feb. Tu 1268 1851 26 oa. M
25 Jan Sa 1269 1852 14 oa. F

15 Jan. Th 127O l853 3 oa. Tu

3 Jan - M 127 1 i8 54 23Sept. Su

23 Dec. F 1272 1855 I2Sept. Th
13 Dec. W 1273 1856 3 1 Aug M
2 Dec. Su 1274 l857 21 Aug. Sa

20 Nov. Th 127 S 1858 ioAug. W
ioNov. Tu 1276 1859 3 1 J uly M
30 oa. Sa 1277 i860 19 July F

19 oa. W 1278 1861 8 July Tu
8 oa. M 1279 1862 28 June Su

27 Sepr. F 1280 1863 17 June Th

17 Sept. W 1281 1864 5 June M
6 Sept. Su 1282 1865 26 May Sa

25 Aug. Th 1283 1866 15 May W
1 5 Aug. Tu 1284 1867 4 May Su

4 Aug. Sa 1285 1868 23 Apr. F

24 July W 1286 1869 12 Apr. Tu
13 July M 1287 1870 2 Apr. Su

2 July F 1288 187

1

22 Mar. Th
22 June W 1289 1872 ioMar. M
1

1 June Su 1 290 i8 73 28 Feb. Sa

30 May Th 1291 1874 17 Feb. W
20 May Tu 1292 i8 75 6 Feb. Su

9 May Sa I293 1876 27 Jan. F
28 Apr. W 1294 1877 15 Jan. Tu
2 7 Apr, M 1295 1878 4 Jan. Sa

6 Apr. F 1296 1878 25 Dec. Th
26 Mar. Tu 1297 1879 14 Dec. M
1 6 Mar. Su 1298 1880 3 Dec. Sa

4 Mar. Th 1299 1881 22 Nov. W
22 Feb Tu 130° 1882 1 1 Nov. Su
1 1 Feb. Sa 1301 1883 1 Nov. F

3 1 Jan. W 1302 1884 20 oa. Tu
21 Jan. M 1303 1885 9 oa. Sa

9 Ja n- F 1304 1886 29 Sept. Th
29 Dec. Tu i 3°5 1887 1 8 Sept. M
19 Dec. S11 1306 1888 7 Sept. Sa

8 Dec. Th , 3°7 1889 27 Aug. W
2 6 Nov. M 1308 1890 1 6 Aug. Su
1 6 Nov. Sa 1309 1891 6 Aug. F

5
Nov. W 1310 1892 25 July Tu

An.



the Mahometans
,

called the Hejerd .

An.
Hej.

An.
D.

CZ

Q
An.

Hej

.

An.

D.
fC

Q
An.
Hej.

An.
D.

>>
rt

Q

I 3 1

1

*893 *4 July Sa * 9 2 9 7 June Su *385 *965 30 Apr. Su
* 3*2 1894 4 July Th *349 * 93° 27 May Th 1386 1966 20 Apr. F
I 3 I 3 i g95 23 June M * 35° 1 93 1 17 May Tu *387 *967 9 Apr, Tu
1 3*4 1896 1

1 June F 1 3 5 1 * 93 2 5 May Sa 1388 1968 29 Mar. Su
* 3*5 1897 1 June W * 35 2 1 933 24 Apr W *389 * 96 9 1 8 Mar. Th
i 3 l6 1898 21 May Su 1 353 *934 14 Apr M * 39° *970 7

Mar. M
13*7 1899 1 1 May F *354 *935 3 Apr F * 39 * *971 25 Feb. Sa

1318 1900 29 Apr. Tu 1 355 1 936 22 Mar. Tu * 39 2 *972 14 Feb. W
* 3*9 1901 1 8 Apr. Sa * 356 1 937 1 2 Mar. Su *393 *973 2 Feb. Su

1320 1902 8 Apr. Th 1 357 *938 I Mar Th *394 *974 23 Jan. F
1321 i 9°3 28 Mar. M 1358 1939 19 Feb Tu *395 1 9 7 5 12 Jan. Tu
1322 i 9°4 1 6 Mar. F 1359 1940 8 Feb. Sa I 39 t> 19*76 2 Jan. Su

1323 * 9°5 6 Mar. W 1360 1941 27 Jan. W *397 1 976 21 Dec. Th
* 3 24 1906 23 Feb. Su 136 1 1942 17 Jan. M *398 l 977 10 Dec. M
1325 i 9°7 12 Feb. Th 1362 1943 6 Jan. F *399 *978 30N0V. Sa

1326 1908 2 Feb. Tu * 36 3 *943 26 Dec. Tu 1400 * 9"9 1 9 Nov. W
1327 I 9°9 21 Jan. Sa 1364 *944 13 Dec. Su 1401 1980 7

Nov. Su

3328 1910 II Jan. Th * 3^5 *945 4 Dec. Th 1402 1 98

1

28 oa. F
3329 1910 31 Dec. M 1366 1946 24 Nov. Tu 1403 *982 *7 oa. Tu
133° 1911 20 Dec. F 1367 *947 13N0V. Sa 1404 *983 6 oa. Sa
* 33 * 1912 9 Dec. W 1368 1948 1 Nov. W 1405 1984 25 Sept. Th
1332 *913 2 8 Nov. Su 1369 *949 22 oa. M 1406 * 9 85 J4Sept. M
*333 1 9 14 1 7N0V. Th * 37° * 95° 11 oa. F 1407 1986 4Sept. Sa

I 334 I 9 IS 7 Nov. fu 1 37 1 * 95 * 3° Sept. Tu 1408 1987 24 Aug. W
13 35 1916 26 Oa. Sa *372 1952 i9Sept. Su 1409 1988 12 Aug. Su

*336 * 9*7 16 oa. Th 1373 i 953 8 Sept. Th 1410 1989 2 Aug. F
1337 1918 5 oa. M 1374 *954 28 Aug. M 141 1 * 99° 22 July Tu
1338 *9*9 24Sept. F 1375 *955 18 Aug. Sa 1412 1991 1* July Sa

*339 1920 i3Sept W i 37 6 1956 6 Aug. W * 4*3 1992 30 June Th
3340 1921 2 Sept. Su i 377 1957 27 July M 14*4 *993 19 June M
i*34 i 1922 22 Aug. Th 1378 1958 *6 July F 14*5 1994 8 June F
1342 T

9 2 3 1 2Aug. Tu 1379 *959 5 Juiy Tu 1416 *995 29 May W
1343 * 9 24 3 1 J uly Sa 1380 1960 24 June Su *4*7 *996 17 May Su

J 344 * 9 25 20 July W 1381 1961 13 June Th 1418 1997 7 May F

•*345 1926 IO July M 1382 1962 2 June M i4*9 *998 26 Apr. Tu
3 346 1927 29 June F *383 1963 23 May Sa 1420 *999 1 5 Apr. Sa

1347 1928 18 June W 1384 1964 1 1 May W 1421 2000 4 Apr. Th

Com*



Mr. Marsden on, &c.43 2

Companion of the commencement of thirty fucceflive years,

according to the diviiion of the cycle, and the appearance

of the new moon.

A. H. A. C. Cycle. Conjunction.

Day. Hour.

5 vifible.

I 1 1 7

1

1 757 15 Sept. 13 Sept. 14 15 Sept.

2 — 1172 I 75 8 4 Sept. 2 Sept. 15 4 Sept.

3 1173 1 7 59 25 Aug, 22 Aug. 16 24 Aug.

4 1174 — 1760 13 Au s- 1 1 Aug. 1 1 2 Aug.

5 -1175 1761 2 Aug. 3 1 J Llly *5 2 Aug.

6 117b 1762 23 July 21 July 9 23 July

7 -”77 1763 12 July 10 July 23 12 July

8 1178 - i7 64 I July 29 June 8 30 June

9 1179 *
7 6 5 20 June 18 June II 20 June.

10 — 1180 1766 9 June 7 June 12 9 J une

1

1

1 181 1 767 30 May 27 May 19 29 May
12 1 182 — 1768 18 May 16 May 8 1 7

May
! 3 -1183 ^69 7 May 6 May I 7 May
i4 1184 i 77° 27 April 25 April 17 27 April

J 5
— 1185 1 77 1 16 April 15 April 3 16 April

16 1186 ~ I 77 2 5 April 3 AP ril 5 4 April

n 1 187 *773 25 Mar. 23 Mar. 5 24 Mar.

18 -1188 1
7 74 14 Mar. 12 Mar. 10 14 Mar.

*9 1189 1 7 75 4 Mar. 1 Mar. 22 3 Mar.

20 1 190 — 1 776 21 Feb. 19 Feb. 13 21 Feb.

21 — 1
1
9

1

1 7 7 7 9 Feb. 8 Feb. 5 9 Feb.

22 1192 J 77 8 3° Jan. 28 Jan. 15 3° Jan -

2 3 ”93 1779 19 Jan. 17 Jan. 18 19 Jan -

24 — ”94 — 1780 8 Jan. 6 Jan. 17 8 Jan.

25 ”95 1780 28 Dec. 25 Dec. 20 27 De'£

26 — 1 196 1781 17 Dec. 1 5 Dec. 6 16 Dec

27 ”97 1782 7 Dec. 4 Dec. 21 6 Dec.

28 1 198 i7 8 3 26 Nov. 24 Nov. 13 26 Nov.

29 ”99 - 17 84 14 Nov. 13 Nov. I 14 Nov.

30 1200 i7 b5 4 Nov. 2 Nov. 4 3 Nov.

|

The years marked thus — are the intercalated and biffextile

years in the Mahometan and Roman calendars.

4gMs>
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PRESENTS
MADE TO THE

ROYAL SOCIETY
From November 1787 to June 1788;

WITH

The NAMES of the DONORS.
Prefents.

1787.
Nov. 8. Archneologia. Yol. VIII. London,

1787.
.

.4°

An Account of the ancient Painting

at. Cowdray, representing the Pro-

ceffion of K. Edward VI. from the

’ Tower of London to Weltminfter. 4
0

A Print from the Paid Picture.

Librorum imprelforum qui in Mufeo
Britannico adfervantur Catalogus.

2 Vol. Londini, 1787. fol.

Bibliothecae Bodleianae codicum Manu-
fcriptorum Orientalium Catalogus, a

Jo. Uri confeCtus. Pars I. Oxonii,

1787. fol.

Traniadions of the Society for En-

couragement of Arts, Manufactures,

and Commerce. Vol. V. Lqndon,

1787. 8'

Rapport des Commifiaires charges des

Projets relatifs a l’Etabliflement des

q.untre Hopitatix. Paris, 1787. 4
0

Donors.

The Society of Antiquaries.

The Truftees of the Britifh

Mufeum.
t

The Trultees of the Claren-

don Prefs, Oxford.

The Society for Encourage-

ment of Arts, Manufactures,

and Commerce.

The Royal Academy of Sci-

ences of Paris.

Nov.
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Prc/cnts.

1787.
Nov. 8. Arret du Confeil d’Etat fur l’Eta-

bliffement de quatre nouveaux Ho-
pitaux, du 22 Juin, 1787. 4

0

Hydraulic and Nautical Obfervations

on the Currents in the Atlantic

Ocean, by Gov. Povvnall. London,

1787. 4
0

. With a Chart of the

Atlantic Ocean.

A botanical Arrangement of Britifli

Plants, by W. Withering. Bir-

mingham, 1787. Vol. I. and II. 8°

Obfervations de M. Trebra fur l’in-

terieur des Montagnes, avec un
Difcours preliminaire, et des Notes,

par M. le Baron de Dietrich. Paris,

1787. fol.

Nic. Jof. Jacquin Colle&anea Botani-

cam, Chemiam et Hiftoriam Natu-

ralem fpe&antia. Vol, I. Vindo-

bona?, 1786. 4^

Kort over det Sydlige Norge, ved C. I.

Pontoppidan, 1785.
Kort over den Sydlige deel af Fyen

tilligemed det tilgraendfende Eykke
af Hertugdommet Schlelwig, &c.

tegnet af H. Shanke, aar 1783.
The Hiftory and Antiquities of Afton

Flamvile and Burbach, by John
Nichols. London, 1787. 4

0

The Heetopades of Veefhnoo-Sarma,

in a Series of conne&ed Fables,

tranllated from the Sanlkreet Lan-
guage, by C. Wilkins. Bath, 1787.

8
°

A Map of the County of Clare in

Ireland, by H. Pelham, in 12

Sheets.

Medical Commentaries for the Year

1786, collefted by A. Duncan.
Edinburgh, 1787. 8°

Expofition raifonnce de la Theorie de

l’Eledlricite et du Magnetifme. Paris,

1787- 8
3

Quarta Diflertatio Botanica de Gera-
nio, Audtore A.

J. Cavanilles. Pa-
rifiis, 1787. 4

0

Donors.

The Royal Academy of Sci-

ences of Paris.

Thomas Pownall, Efq. F.R.S.

William Withering, M. D#
F. R. S.

Baron de Dietrich.

Profeffor de Jacquin, of Vi*
cnna, F. R. S.

Profeffor Bugge, of Copen*
hagen, F. R. S.

Mr, John Nichols.

Charles Wilkins, Efq. F.R.S,

Mr. Henry Pelham.

Andrew Duncan, M. D,

Abbe Haiiy.

Abbe Cavanilles*

Nov,3
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1787.
Nov, 8. Principes fur l’Art des Accouchement,

par J. L. Baudelocque. Paris, 1787

.

I 2°

Effai fur PEducation intelle&uelle, avec

le Projet d’une nouvelle Science, par

A. C. Chayannes, Laufanne, 1787.
8
°

AJtronomifches Jahrbuch fur das Jahr

1789, von J, E. Bode. Berlin,

1786. 8"

J. J. Hemmers Anleitung Wetterleiter

an alien gattungen von gebauden

anzulegen. Manheim, 1786. 8°

Entdcckungen iiber die Theorie des

Klanges, von E. F. F. Chladni.

Leipzig, 1787. 4
0

Metrophanis Critopuli Emendationes

in J. Meurfii Gloflarium Graeco-

barbarum. Edidit J. G. F. Fran-

zius. Stendaliie, 1787. 8°

A Synopfis of a Courfe of Leisures on
the Theory and Pra&ice of Medi-

cine. Parti. Bolton, 1786, 8°

15, Rachunku Algebraicznego teorya przy-

Itofowana do Linii krzyvvych. 2
Vols. Krakow, 1783. 4

0

22. Carte generale de l’Ocean Atlantique,

dreflee au depot general des Cartes,

Plans, et Journaux de la Marine,

1786.
Analyfe de la Carte generale de l’Ocean

Atlantique. Paris, 1786. 4
0

Extraits des Obfervations Altrono-

miqucs et Phyfiques faites a l’Obfer-

vatoire Royal, en l’Annee 1786, par

M. le Comte de Caffini, Directeur. 4
0

A Map of the Moon.
Commentarii de Rebus in Scientia Na-

turali et Medicina geltis. Volumen

XXVIII. Lipfiae, 1786. 8°

Memoirs of William Lambarde, Efq. 4
0

La Vie de l’Homme refpe&ee et de-

fendue dans fes derniers Momens.

Paris, 1787. S°

Vol, LXXVIII. M m m

M. Baudelocque.

ProfelTor Chavannes, of Lau-

fanne.

M. J. E. Bode, Altronomer

to the Academy of Berlin.

M. Hemmer.

Dr. Chladni, of Wittenberg,

ProfelTor Franz, of Leipfig.

ProfelTorWaterhoufe, of Canv
bridge in America.

ProfelTor Sniadecki.

Marquis de Chabert, F.R 6S.

Comte de CafTiui.

I

Mr. Hurlock, F. R. S.

Mr. John Nichols.

M. Thiery.

Nov.
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Prefents.

1787.
Nov. 22. Eflay on the Caufes of the Variety of

Complexion and Figure in the Hu-
man Species, by Sam. Stanhope

Smith. Philadelphia, 1787. 8
3

Dec. 6. Elements of Conic Sections, by C.

Hutton. London, 1787. 8°

Inftitutiones Pliyliologicce, Audiore L.

M. A. Caldanio. Venetiis, 1786. 8°

Inftitutiones Pathological, Au&ore L.

M. A, Caldanio. Venetiis, 1786. 8°

Nova Analyfeos Elementa, Audtore J.

B. Nicolai. Tom. I. Pars I. Pa-

tavii, 1786. 4
0

Riforma de* Carri di quattro Ruote, del

Conte L. Rizzetti. Trevigi, 1785. 8
3

Relacion de las Epidemias de Calen-

turas putridas y malignas, en el

Principado de Cataluna, por Don
J.,

Mafdevall. Madrid, 1786. 4
0

Relation abregee d’un Voyage a la

Cime du Mont-Blanc, en Aout

1787, par H. B. de Sauflure. Ge-
neve. 8°

13. Lecons de Calcul differentiel et de

Calcul integral, par M. Coufin.

2 Vols. Paris, 1777. 8°

20. Appendix to Dr. Garthlhore’s Obfer-

vations on numerous Births, printed

in the Philofophical Tranfadtions,

Vol. LXXVII. 4
0

Meteorological Diary, kept at Madras,

from Sept. 14, 1786, to Feb. 1.7,

1787. MS. fol.

An Account of Experiments made by
Mr. Miller in the Firth of Forth,

the 2d of June, 1787, in a double

Veffel. MS. fol.

MS. Papers of Zachary Williams, on

making Sea Water frefli, the Lon-
gitude, &c.

A Print of John Hunter, Efq. F. R. S.

engraved by W. Sharp.

A Print of Sir William Hamilton, K.B.
F. R. S. engraved by H. Hudfon.

Donors.

The Rev. Dr. Williams, Secre-

tary to the American Aca-

demy.

Charles Hutton, LL.D.F.R.S.

ProfelTor Caldani, of Padua,

F. R.S.

ProfelTor Nicolai, of Padua.

Conte Luigi Rizzetti.

Don Jofeph Mafdevall.

Fowler Walker, Efq.

M. Coufin,

Maxwell Garthlhore, M. D,
F. R. Sk

t

William Petrie, Efq.

/

Patrick Miller, Efq.

Mr. John Nichols.

Mr. William Sharp.

Mr. Henry Hudfon.

Dec.
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Prefen ts.

1787.
Dec. 20. A Print of John Henniker, Efq. F.R.S,

engraved by the fame. -

1788,

Jan. 10. Memoires de l’Academie Royale des

Sciences. Annees 1770, 1772.
Partie I. 1779, 1780, 1781, et

1782.
Memoires prefentees it l’Academie

Royale des Sciences, par divers

Savans. Tomes VII. IX. et X.
Table generale des Matieres contenues

dans les Memoires de l’Academie

Royale des Sciences, Tomes VII. et

VIII.

Vari componimenti della Accademia
degli Etnei per la morte di Ignazio

Vincenzo Paterno Caftello Principe

V. di Bifcari. Catania, 1787. 8°

Elogio d’ Ignazio Principe di Bifcari, di

Giov. Ardizzone. Catania, 1787
8°

Funebris laudatio Egnatii Bifcarorum

Principis, a Raym. Platania. Ca-
tinte, 1787. 8°

Orazione funebre d’ Ignazio Principe

di Bifcari. Catania, 1787. 8°

Elogio d’ Ignazio Principe di Bifcari, di

Domen. Privitera. Catania, 1787. 8°

Liber Sinicus TaoTeKim inferiptus,

in Latinum Idioma verfus. MS. fol.

Remarks on the Means of obviating

the fatal Effects of the Bite of a

mad Dog, by R. Hamilton. Ipf-

wich, 1785. 8°

Pra&ical Obfervations on Venereal

Complaints. Edinburgh, 1788. 8°

17. The London Medical Journal. Vol.

VIII. London, 1787. 8°

Obfervations on extra-uterine Cafes, by

M. Garthfliore. (Part of the fore-

going Medical Journal). 8°

Obfervations fur les Effets des Vapeurs

Mephitiques dans l’Homme, See.

Paris, 1787. 8°

Donors.

Mr. Henry Hudfon.

*

Royal Academy of Science*

of Paris.

The Prince of Bifcari.

Matthew Raper, Efq. F.R.S.

R. Hamilton, M. D.

Francis Svvediaur, M. D.

Samuel Foart Simmons, M.D-
F. R. S.

Maxwell Garthfliore, M. D.

F. R. S.

M. Portal.

Jan.M m m 2
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Donors.Prefents.

1788.

Jan. 17. Avis fur les moyens pratiques avec

fucces pour fecourir les Perlonnes

noyees, &c. Paris, 1787. 4°

The lame, pi in ted in fol. pat.

24. Medical Commentaries for the Year

1787, collected by A. Duncan.

Edinburgh, J788.
8’

A Meteorological Journal of the Year

1787, kept in Pater-nofter-Rcw,

London, by W. Bent. 4
0

2 1. Kongl. Wetenlkaps Academiens nya

Handlingar. Tom. VII. for 1786,

3d and 4th Quarters ; and Tom.
VIII. for 1787, ill and 2d Quarters.

Stockholm. 8°

Jvlorfels of Criticifm. London, 1788.

4
°

Lettere di Fifica fperimentale di D. Ser.

Serrati. Firenze, 1787. 12°

La Neoellenopedia di Fr. Mazzarella-

Farao. Parte I. e II. Napoli,

.

1 779 *
.

8
°

Difamina del parere di M. Voltaire

fulla Poefia Epica. Opera del S.

Paoli Rolli, tradotta dall’ Inglefe.

Napoli, 1779. 8°

Di Mufeo gli amorofi avvenimenti tra

Ero e Leandro, tradotti dal Greco
in Latino, ed in verfi Italiani da

Franc. Mazzarella-Farao, Napoli,

1787. 8°

Feb. 7* Two Impreffions, one coloured and

one uncoloured, of a Portrait of

William Herfchel, LL.D/ F. R. S.

painted by Abbott, and engraved

by Ryder.

J* E. Smith, Difputatio inauguralis

quajdam de Generatione complec-

tens. Lugd. Bat. 1786. 8°

21. Memoires Academiques, ou nouvelles

Decouvertes fur la Lumiere. Paris,

1788. 8°

Chemical Obfervations on Sugar, by
E, Rigby. London, 1788. 8°

M. Portal.

Andrew Duncan, M. D.

Mr. William Bent.

The Royal Academy of Sci-

ences of Stockholm.

Edward King, Efq. F. R. S.

D. Serafino Serrati.

Sig. Francefco Mazzarella-

Farao.

Mr. S. Watts.

James Edward Smith, M. D*
F. R. S.

M. Marat.

Mr. Edward Rigby.

1

Feb.
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Donors.Prefents.

1788,
Feb. 28. Pharmacopoeia Collegii Regalis Medi-

corum Londinenfis. Londini, 1788.

4
°

Theoretifch -praktifche beurtheilungdes

Scharbocks. Peteriburg, 1787. 8
J

Plan et Profit d’un Batiment pour con-

ferver et purifier les eaux a boire,

propofe par Dominique Spedicati,

MS.
Obfervations fur l’Arc-en-ciel, par M.

l’Abbe P. Paris, 1788. 8“

Mar. 6. The Defcription and Ufe of Nairne’s

Patent Electrical Machine. London,

1787. 8°

Tarantifmo obfervado en Efpana, fu

Autor Don F. X. Cid. 1787. 4
0

F. X. Cid Diflertatio circa inventionem

Pulfus antidifcroti tamquam veri

iigni Diarrhoeam ventofam demon-
ftrantis. Toleti. 4

0

Fenomeno raro del primero que fe ha
conocido entrar en el Hofpital Ge-
neral de Madrid por haber fido pi-

cato del Infedto llamado Tarantula.

4
°

Defcripcion Hifto'rica de una nueva

efpecie de Corea, 6 Baile de San

Vito, por D. B. Pinera y Siles. Ma-
drid, 1787. 4

0

April 3. Tables of the apparent Places of the

Comet of 1661, whole return is ex-

petted in 1789. London, 1788. 4
0

Experiments and Obfervations on Ani-

mal Heat, and the Inflammation of

combuftible Bodies. 2d Edition.

London, 1788. 8°

The Works of the late William Stark,

M. D. London, 1788. 4
0

Defcription de Pyrmont, traduite de

l’Aliemand de M. Marcard. Tome
II. Leipzig, 1785. 8°

A fhort Defcription of Pyrmont, abridg-

ed from the German of Dr. Mar-

card. London, 1788. 8°

3

The College of Phyficians,

Dominicus Spedicati, M. D.

An unknown Hand.

Mr. Edward Nairne, F. R. S.

Don Francifco Xavier Cid.

Don Bartolome Pinera y Siles,

Sir Henry Englefield, Bart.

F. R. S.

Adair Crawford, M.D.F.R. 5 .

James Carmichael Smyth,
M. D. F. R. S.

Dr. Marcard.

April
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Donors,

1788.
April 3. Phyfique nouvelle, par M. Delairas. M. Delairas.

Paris, 1788. 8°

Method to difcover the Difference of Thomas Williams* /

the Earth’s Diameters. London,

1788. 8°

10. Experiments on the Congelation of John M‘ Nab, Efq.

Vitriolic and Nitrous Acids, made at

Fort Albany, in Hudfon’s Bay, by

J. M‘ Nab. MS. fol.

Meteorological Journal kept at Henley- -

houfe and at Albany Fort, from
Nov. 8, 1784 to Aug. 31, 1787,
by J. M* Nab. MS. fol.

Meteorological Journal kept at Henley- — -

houfe, Hudfon’s Bay, from June 3.

to Aug. 20, 1787. MS. fol.

Table of the mean Heights and extreme William Petrie, Efq.

Differences of the Thermometer and

Barometer at Madras, from October,

1786, to OCtober, 1787. MS.
17. Letters written in Holland in the Thomas Botvdler, £fq, F.R.S,

Months of September and OCtober,

1787, by T. Bowdler. London,

1788, 8
J

Antonii Scarpa Anatomicarum Anno- Profeffor Scarpa, of Pavia,

tationum Liber II. Ticini, 1785.

4
°

Ejufdem Oratio de promovendis Ana- —-

tomicarum Adminiftrationum rationi-

bus, 1783. 4
0

Metodo per coftruire e dirigere le Sig. Francefco Henzion.
Macchine Aeroftatiche, di F. Hen-
zion. Firenze, 1788. 4

0

24. A Differtation on the Properties of Mr. Everard Home, F. R. 5.
Pus, by E. Home. London, 1788.

4
°

May 7. Obfervations on the Difeafes of the John Hunter, M. D. F.R.S,
Army in Jamaica, by J. Hunter,

M. D. London, 1788. 8’

8. Hiltoire de l’Academie Royale des Sci- The Royal Academy of Sci-
ences, Annee 1785. Paris, 1788. 4

0
ences of Paris.

A Map of Hindooftan, by J. Rennell. James Rennell, Efq. F. R. S.
In 4 Sheets.

Memoir of a Map of Hindooftan, by - __
J. Rennell. London, 1788. 4

0

May
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Prefen ts.

T 788.
May 8. Carte Topographique de Spa, et de

fes Environs, par T. J. Collins.

E flays Medical, Philofophical, and
Experimental, by T. Percival.

4th Edit. Vol. 1 . Warrington,

1788. 8°
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maceutical Chymiftry and the Ma-
teria Medica. g Vols. London,

1788. 8°

An Eflay towards a Syflem of Mi-
neralogy, by A. F. Cronftedt,

enlarged by J. H. de Magellan.

2 Vols. London, 1788. 8°

Aftronomifches Jahrbuch fur das

Tahr 17QO, von J. E. Bode. Ber-

Jin, 1787. 8°

Tratado de Navegacion, por D. Jof.

de Mendoza y Rios. 2 Vols..

Madrid, 1787. 4
0

The Aggrandizement and National

Perfection of Great-Britain. 2

Vols. London. 4
0

29. An Account of the Life, Writings,

and Inventions, of John Napier,

of Merchiflon, by D. S. Earl of

Buchan and W. Minto. Perth,

1787. 4
0

The Hiflory of a favage Girl,

caught wiki in the Woods of Cham-
pagne, tranflated from the French.

London. 12°

Eflai analytique fur l’Air pur, et les

differentes efpeces d’Air, par M.
de la Metherie. Paris, 1788.

8
°

Diflertation fur l’effet de la Mu.
fique dans les Maladies nerveufes,.

par L. Delbout. St. Peterlburg,

1784. 8°

Memoire fur le Scorbut, traduit de

l’AUemand, de H. Bacheracht.

Reval. 1787. 8°

Donors.
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0
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wich. Parti. Canterbury, 1 788.
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Rutledge, Bart. Paris, 1788. 4
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flexions fur les Hopitaux, par M.
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A NINDEX
TO THE

SEVENTY-EIGHTH VOLUME
OF THE

PHILOSOPHICAL TRANSACTIONS.

A.

/ACCOUNT of experiments made by Mr. John M‘ Nab, at Albany Fort,

Hudfon’s Bay, relative to the freezing of nitrous and vitriolic acids, p. r66.

Account of an experiment to determine the effedl of fait upon the expanfion of water

by cold, p. 3 1 1.

Acid, vitriolic
,
experiments on, p. 177. Its effect upon the freezing point of water, p.

305. Nitrous add, its effedt on the freezing point of water, p. 306. EfFedt of the

Muriatic acid in lowering the freezing point of water, p. 307.

Acidity ,
obfervations and expeiiments on the principle of, p, 147, 313.

Aerial Moijlure, devaporation of, p. 49.

Air,
frigorific, experiments oa the mechanical expanfion of, p. 43. Air, fufc.eptible of

heat, p. 56. Fixed air contains about half its weight of water, p. 152. On the

converfion of a mixture of dephlogiilicated and phlogifticated airs into nitrous acid by

the eledtric fpark, p. 26 r. Nitrous air contains water, which contributes to the

formation of fixed air, p.318. If phlogifticated and light inflammable air be pre-

fented to each other at the inftant of their leparation from folid or liquid fubftances,

and before their particles have receded from each other, they readily combine and

Vol, LXXVIII. N n n generate
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generate volatile alkali, p. 381. The combination of the phlogifticated and inflam-

mable airs, and the formation of volatile alkali, depend chiefly, if not altogether,

on the approximation of the parts of inflammable air, when phlogifticated air is pre-

fented to them, p. 3.82. Nitrous air mixed with hepatic air will form volatile alkali,

p.384.

Airs, on the affinities c.f the phlogifticated and light inflammable, p. 379. See Air.

Albany Fort, account of experiments made there, p. 166.

Alkali, mineral
,

its effect on the freezing point of water, p. 308. Volatile Alkali
,

its

effeft on the fame, p.309. On the formation of volatile alkali, p. 379. When
iron, water, and l'ulphur, aft upon each other in atmolpheric air, volatile alkali is

forpned, p. 384. Volatile alkali formed by mixing nitrous air with hepatic air. p.384..

America ,
South, account of fome native iron found there, p. 37, 183.

Aabs and other Mahometan nations reckon their time by the lunar year, p. 414.

Atmofpbere
,
correfpondence of the heat of the, with the height of the barometer, p. 48.

Attraction of iife, p. 29. Its caufe can never be inveftigated, p. 33. Study of the

laws of the attraction of life, or what has been called mufcular motion, of confiderable

importance, ibid.

Aaftin, William, M. D. on the formation of volatile alkali, and on the affinities of the

phlogifticated and light inflammable airs, p. 379.

Authorities cited in Mr. Marfden’s account of the era of the Mahometans, p. 423—428*
v

B.

Eaiilie, Matthew, M. D. on the tranfpofition of the Vifcera, p. 350..

Barbery
,
experiment on the, p. 138.

Barker, Thomas, Efq. Abftraft of a regifter of the barometer, thermometer, and

rain at Lyndon in Rutland ; with the rain at Selbourn and Fyfield in Hampffiire, and

at South Lambeth in Surrey. A'fo fome account of the annual growth of trees, p. 408.

Barometer
,

ftate of it at London throughout the year 1 787, p. 192—216. Abftraft of a

regifter of the barometer, thermometer, and rain at Lyndon in Rutland, in 1787,

p. 408.

Blagdeu
,

Charles, M. D. on the cooling of water below its freezing point, p. 125. On
the effeft of various fubftances in lowering the point of congelation in water, p. 277.

Borax, the effeft of, on the freezing point of water, p. 293,

C.

Caflus Tuna, a kind of Indian fig, an irritable vegetable, p. 161,

Ga<vatto Tiberius, Obfervations on fmall quantities of eleftricity, p. 1. On the tempera-

ment of thofe mufical inftruments in which the tones, keys, or frets are fixed, p. 238,

Defcription
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Defcription of a new electrical inftrument, p. 245.

Cavendjb, Henry, Efq. account of experiments made at Albany Fort, p 166. On the

converfionof a mixture of dephlogiftieated and phlogilbicated airs into nitrous acid, by

the electric fpark, p. 261.

Celts, Michael Rubin de, on native iron found in South America, p. 37, 183.

Centers
,
on moveable, p. 95.

Corollary. If the freezing point of the folution of a fait in water in any known proportion

be given, its degree of folubility may in general be ascertained, merely by trying the

greatell cold it will produce with fnow, p. 296.

Corollaries
,
mathematical, p. 63

, 7c, 71, 75, 76, 81, 82, 83, 87, 90, 91, 92.

Croonian Leflure on mulcular motion, p. 23.

Cuckoo
,
obfervations on the natural hiftory of, p.219. The cuckoo makes choice of the

nefls of a great variety of fmall birds, p. 221. A cuckoo choofes the net ot a hedge-

fparrow to lay her egg in, p. 223. Two cuckoos and a hedge* fparrow hatched in the

fame neft, p. 229. Why, like other birds, the cuckoo does not buiid a net, incu-

bate its eggs, and rear its own young, confidcred, p. 229. Subfiances found in the

ftomach of a cuckoo, p. 235.

D.

Darwin, Erafmus, M. D. frigorific experiments. See Air.

T)ionaa mufcipula, an irritable vegetable, p. 1 6 r - Observation on, p. 163.

Difcoveries ,
two, made by the moderns, in the flructure and phyfiology of the body,

viz. the circulation of the blood
; and the lymphatics, and abforptic n of the lymph,

P- 33 *

Dover Cajlle
,
temperature of the water in the New Well there, p. hi.

Droftra,
obfervation on, p. 163.

E.

Eleflrometer, firfb conftructed by Mr. John Canton, p. 3. Conical corks in electrometers

preferable to pith ball
, p. 5. Mr. Dennet’s electrometer, p.406.

UlcHricity, natural or artificial, methods of manifefling the preleace, and afcertaining

the quality, of 'mall quantities of, p. x. Mr. Volta’s condenfer ot electricity defcri-

bed, p 7. Mr. Benner'* doubler of electricity defcioed, p. 8. Nor an iaflrument to

be depended upon, p. 10, 14. Remarks on the fu jed of electricity in genera!, p. 17b

Experiment fhewing the great length of time that a quantity of electrici y will remain

upon a body, p. 19. The air, or in general any fubibance, ig a more or Iefs perfect

conductor of electricity, acccording as the electricity which is to pafs through it is

more or lefs condenfcd, p. 20. Brief proposal of an explanation of the production

N n n z of
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of electricity by friction, which is dependent upon tfie propofition, viz, that bodies

are always in fome degree electrified; and alfo upon the principle or the capacity of

bodies for holding eleftric fluid being increafed by the proximity of other bodies in

certain circumilances, p. zi. Defcripticn of a new electrical inflrument, p. 25^.

Description of an inflrument which produces the two ilates of electricity without friction

or communication with the earth, p. 403.

Experiment, proving that the nerves are not employed in the motions excited by flimuli,

p. 27. Frigorific experiments on the mechanical expanfion of air, explaining the

caufe of the great degree of cold on the Summits of high mountains, the fudden con-

denfation of aerial vapour, and of the perpetual mutability of a’mofpheric heat, p, 43.

Experiments on local heat, p. 103. Experiments relating to the variation of local

heat in the earth itfelf, p. no. On the Barbary, p. 158. Experiments on the cool-

ing of Water below its freezing points, p. 125. Experiment on very hard puinp-

water, which generally congealed one or two degrees fooner than unboiled dillilled

water, when placed in a frigorific mixture, p. 127. Various experiments on the

cooling of water, p. 129, 130. Experiments and obfervations relating to the prin-

ciple of acidity, the compolition of water, and phlogifton, p. 147. Additional ex-

periments on the fame, p.313. Experiment on tht Ruta cbalepenjis, p. i6z. Expe-

riments on fpirit of nitre, p. 167. Experiments on fpirit of vitriol, p. 16S.

Experiments on a new eleCtrical inflrument, p. 238, 239. Experiment on the con-

verfion of a mixture of dephlogifticated and phlogiflicated airs into nitrous acid, by

theele&ric fpark, p. 261. Experiments on the effect of various f'ubflances in lowering

the point of congelation in water, p. 277. Experiment, proving that nitrous air

contains water, and that this water can contribute to the formation of fixed air, p.

318. Experiments on liquor produced by burning, in a clofe copper veflel, inflam-

mable air, got from Iron by means of the fleam of water, and dephlogifticated air,

expelled by heat only, from Minium, p. 320. Experiments on liquor produced by

burning, in the fame manner, inflammable air, obtained from Iron by ineans of the

fleam of water, and dephlogifticated air, expelled by heat only, from Manganefe,

ibid. Experiments on thefe liquids, made from Minium and Manganefe, united, p,

321. Experiments on liquor, produced by burning inflammable air, obtained as

before, and dephlogifticated air from Mercurius precipit. ruber, in a clofe tinned iron

veflel, ibid. Experiments on the formation of volatile alkali, and on the affinities of

the phlogiflicated and light inflammable airs, p. 379. Experiments on the production

©f artificial cold, p. 395.

F.

Fig, Indian, CaCtus Tuna, a kind of, p. 161.

Fluid, ele&ric, on the hypothefis of a Angle, it is laid, that every fubflance in nature,

when
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when not ele&rified, contains its proper lhare of eleftric fluid, ivhich is proportionate

to its bulk, or to fome other of its properties
;
and that this equal or proportionate

diftribution of ele&ric fluid takes place with the greateft part of narura bodies. This,

however, is not the cafe
; for every fubftance is always electrified, p. 17.

Forces ,
centripetal, p. 67. ,

Fordycc , George, M. D. on mufcular motion, p. 23.

Franklin
,
Dr. an obfervation of his concerning the electric fluid in glafs, p. 1 21. Proved

erroneous, p.122.

G.

Georgian Planet. See Planet,

Glauber's Salt
y

its effect in lowering the freezing point of water, p. 290.

Gray, Edward Whitaker, M. D. on the manner in which glafs i3 charged with the elec~

trie fluid, and difeharged, p. 121.

H.

UsherJen, William, M. D. a table of the mean heat of ever)* month for ten years in Lon-

don, from 1763 to 1772 incluflvely, p. 66. See Tallies.

Httlge-fparroiVy the n eft of a, chofen by a cuckoo to lay her egg in, p. 223. An inftance

of two cuckoos and a hedge-fparrow being hatched in the lame nett, p. 229.

Herfcbcly William, LL.D. on the Georgian Planet and its fateliites, p. 364.

Hunter
,
John, M. D. on the heat of wells and fprings in the ifland of Jamaica, and on

the temperature of the earth, p. 33. See Obfer-vations.

IT

Jceoi folutions of nitre, very different from common ice, p. 283.

Jenner, Edward, Efq. on the natural hiftory of the cuckoo, p. 219.

1 ujlrumenty description of a new electrical, capable of coilefting together a diffufed or

little condenfed quantity of eleiftricity, p. 255. Defcription of an inftruraent which,

by the turning of a winch, produces the two ffates of electricity without friction or

communication with the earth, p. 403.

InJrumentSy muficaly of the temperament of, p. 238. See Mujlcal I*Jlrumer.ts»

Irony native, found in South-America, p. 37, 183.

K.

Keiry James, Efq. letter to Jofeph Prieftley, LL.D. p. 323. See Letter.

K'mgjlon

,

in Jamaica, fupplied with water from wells, p, 38. The temperature of the

air at Kingffon admits bat of fmall variation, p. 59,
r Letter
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L.

Later from Dr. Withering to Jofeph Prieftley, L L D. relrting to the principle of aci-

dity, the decompofition of water, and phlogifton, p. 319. Another from James Keir,

Ei'q. to the fame, on the fame fubjeft, p. 3 23. A letter from Richard Walker, to

Henry Cavendifh, Efq. on the production of artificial cold, p. 395. Extract from a

fecond letter from Mr. Walker to Henry Cavendifh Efq. on the lame fubjedt, p. 402.

Life, attraction of, p. 29. See Attraction of life.

Lufus Natures, fingular, defcribed, p. 352.

m.

Mahometans, on the era of the, p. 414. The vulgar or practical reckoning of the Maho-

metans, p. 418. The political or chronological mode of reckoning among them, ibid.

Upon the political or chronological nmde of computation on which the Turkifh,

Moorifn, and every lyftematic Mahometan calendar are founded, p. 419.

Manganefc. See Experiments.

Marfden, William, Efq. on the era of the Mahometans, called the hejera, p. 414.

Medicagofalcata
,

obfervations on, p. 162.

Medicine
,

in the hands of the Greek phyficians from the time of Hippocrates, or rather

from thedeflruCtion of the Egyptian monarchy by Cambyfes, down to the time of the

Crufades, p. 33.

Meteorological Journal for the year 17 87 kept at the apartments of rhe Royal Sociery, p.

191. See Tables. Explanation of the inftruments with which the meteorological pb-

fervations were made, p. 217.

Minwfafenjitiva and pudiccs, irritable vegetables, p. i6t.

Minium. See Experiments.

Mixture
,
powerful frigorific, p. 395. Frigorific mixtures recommended, efpecially in

hot climates, p. 398, 399.

"Morgan
,

William. See Survivorjbips.

Motions
,

all original, are by their nature perfectly unintelligible as to their caufe, p. 3^0

Mountains, coldnefs of the fummits of, p. 47.

Muriatic acid
,

its client on the freezing point of water, p. 307.

Mufcular motion, Oroonlan leCture on, p. 23.

Mufual Injlrumtnts, or the temperament of thofe in which the tones, keys, or frets, are

fixed, as in the harplichord, organ, guittar, &c. n. 238,

3 Native
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N.

Native Iron, account of a mafs of, found in South-America, p. 3 7, 183.

Nicholfon

,

William, on an inftrument which, by the turning of a winch, produces the

two dates of electricity without friction or communication with the earth, p. 403.

Nitre, fpirit of, fubjedt to aqueous and fpirituous congelation, p. 166. The effect of

nitre in lowering the freezing point of water, p. 281, The ice of folutions of nitre

very different from common ice, p. 283. Nitre and common fait, the etfedh of a

compound folution of, in lowering the freezing point, p. 299.

Nitrous acid, its effedt on the freezing point of water, p. 306.

Numbers, On fome properties of the fum of the divifors of, p. 388.

\

O.

QlJeruptions on motion in general, p. 23. On the heat of wells and fprings in the ifland

of Jamaica, and on the temperature of the earth below the furface in different climates,

p. 53. Obfervations made at Brighthelmftone, with a view to afcertain the tempera-

ture of the fea as a bath, p. 64. On the manner in which glafs is charged with the

ele&ric fluid, and difcharged, p. 121. Obfervations and experiments relating to the

principle of acidity, the compofnion of water, and phlogifton, p. 14;, 313. Ob-

fervations on the irritability of vegetables, p. 138. Obfervations on the natural hiftory

of the cuckoo, p. 2 19.

r.

ParUtaria
,
obfervations on the, p. 162.

ParnaJJia,
obfervation on the, p. 163.

Phlogifton , experiments and obfervations on, p. 147, jij*

Planet, on the Georgian, and its fatellites, p. 364.. The light of the fatellites of this

planet is, on account of their great diftance, uncommonly faint, p. 376. The fecond

fatellite brighter than the firft, but the difference not confiderable, ibid. The fitua-

tionsof the 01 bits of thefe fatellites do not materially differ, p. 378. They will be

eclipfed about the years 1799 and 1818, ibid. Probably not lefs than thofe of

Jupiter, ibid.

Platina ,
duft of, mixed with gold, found in the kingdom of Santa Fede Bogota, p. 41^

188.

Prieftly , Jofeph, LL.D. on the principle of acidity, the compofition of water, and

phlogifton, p. 147, 313.
> Problems

,
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Problems .

If the ages of two perfons be given, to determine the probabilities of fur vivorlhip

between them from any table of obfervations, p. 332.

If the ages of two perfons be given, to determine, from any table of obfervations,

the prelent value of the fum payable on the contingency of one life’s lurviving

the other, p. 341.

The ages of two perfons being given, to determine the value of the fum payable

on the extinftinn of one life in particular, ihould that happen after the extinc-

tion of the other life, p. 347.

Propofitions , mathematical, p. 67, 68, 70, 72, 74, 75, 77, 84, 87, 93, 9$, 96, 98.

Pure Iron, a mafs of, in the lhape of a tree with its branches, exiting in South-Ame-

rica, p. 41, 187,

-Quartz, fiones ef, found itv^
South-America, p. 41, 187,

R.

Rain at Lyndon in Rutland, at Selbourn and Fyfieldin Hampfhire, and at South Lam-

beth in Surrey, 5111787, p.408. ^

Refrigeration, a remarkable one at Glafgow, which Mr. Wilfoh perceived to take place

on the furface of the fnow and hoar-froft, p. 103.

Rochelle Salt
,

its effedf in lowering the freezing point of water, p. 289. Compound folu-

tion of Rochelle fait, common fait, and Sal Ammoniac, its effect in producing cold,

P- 3
02,

.

Rue ,
common, obfervations on, p. 162, 163.

,Ruta Chalepenjis, experiment on, p. 162. Obfervation on, p. 163.

S,

Sal Ammoniac ,
its-effeft in lowering the freezing point of Water, p. 286. 6al eatharticus

.amarus, its effeft in producing cold, p. 291.

Sal Ammoniac and common Salt
,

their efFed in lowering the freezing point of water, p,

3OI ‘
‘ ^

Salt, common; its effe&in lowering the freezing point of water, p. 279. Salt of tartar;

itf
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us effetV on the freezing point of water, p. 307. See Glaubers Salt, Rochelle Salt.

Santa Fe de Bogota, duft of platina, mixed with gold, found at, p. 41, 188.

Saxifraga, obfervation on, p. 163.

Sheemefs
,
temperature of the water in the King’s Well there, p. in.

Six, James, Efq. on local heat, p. 103.

Smith, Edward James, M. D. on the irritability of vegetables, p. 158.

Spark, ele&ric, decompofes hepatic air, and leaves a quantity of inflammable air equal in

bulk to the hepatic air very nearly, p. 383.

Springs, in Jamaica, p. 60.

Stomach of a cuckoo, fubftances found in, p. 235.

SurvivorJlnp r, on the probabilities of, between two perfons of any given ages, and the

method of determining the values of reverfions depending on thole furvivorlhips,* p.

33 1 *

T.

Fables.

A table of the mean heat of every month for ten years in London from 1763 to

1772 indufively, p. 66.

Tables, containing obfervations on the wind and weather, p. 1 13— 120.

Table, containing the refult of Mr. M‘ Nab’s experiments on the nitrous acid,

p. 169.

Meteorological Journal for the year 1787, kept at the apartments of the Royal So-

ciety, for January, p. 192, 193. February, p. 194, 195. March, p. 196,

197. April, p.198, 199. May, p.200, 201. June, p. 202, 203. July,

p. 204, 203. Auguft, p. 206, 207. September, p, 208, 209. 0£fober
t

p. 210, 211. November, p.212, 213. December, p.214, 215. Greateft,

leaft, and mean heights of the thermometer without and wiihia, and of the

barometer; alfo obfervations of the quantities of rain, during the foregoing

months, p. 216.

Table of ottaves and fifths, p. 246.

Table, Ihewing the probabilities of furvivorfhip between two perfons of all ages,

whofe common difference of age is not lefs than ten years, p. 337.

Table, fhewing the value of 100/. computed at 3/. per cent, by the Northampton

Table of obfeivations payable on the death of the younger perfon, if the elder

furviveshim, p. 344.

Table, firewing the value of 100/. computed at 5/. per cent, by the Northampton

Vot. LXXVII 1 .
O o 0 TabIe



Table, payable at the death of the younger perfon, if the elder furvives him,

P* 345 -

Table, {hewing the value of ioo/. payable on the death of the younger perfon,

it ihe elder furvives him, according to the Sweden'Table of Obfervations

;

calculated at 4/. per cent. p. 345.

Table, relating to the Georgian Planet, p. 371.

Of thoannual growth of Oak, Afh, and Elm trees, p. 410, 41 1.

Table of the number of days in two fuccelTtve Mahometan years (623,624), p. 42 1.

1 'able exhibiting the correfpondence of the years of the Hejera with thofe of the

Chriftian era, p. 428—431.

Table containing the comparifon of the commencement of thirty fucceffive Maho-

metan years, with the fame number of Gregorian years according to thedivifton

of the cycle, and appearance of the new moon, p. 432.
1Tartar

,
fait of, its effect on the freezing point of water, p. 307.

Thermometer
,
date of it at London throughout the year 1787, p. 192—-216 . See Earo -

meter.

Titlark
,

frequently feledled by the cuckoo to take charge of its young one, p. 223.

Trees
,
feme account of the annual growth of, p. 408.

V.

Vegetables, irritability of, fome obfervations on, p.138.

Vifcera
,
account of a remarkable tranfpofition of the, p. 3 30.

Vitriol, Green
,

the effect of, in lowering the freezing point of water, p. 292,

Vitriol, White, its effedt on the fame, p. 293.

Vitriolic acid, its effedl upon the freezing point of water, p. 305.

«...• • t ...... >

Walker ,
Richard, on the production of artificial cold, p. 39^; ^

Haring, Edward, M. D. on centripetal forces, p. 67. On fome properties of the fum

of the divifors of numbers, p. 388.

Water
,

boiled, fieezes fooner than unboiled, p. 128. Oil fpread over the furface of

water prevents it from freezing, when other water, expofed in a fimilar manner, has

had a cruft of ice formed upon it, p. 136. Water in freezing undergoes a confkler-

able expanfion, p. 142. Obfervations and experiments on the compofition of water,

p. i47» 3 *3- Water confifts of two kinds of air, dephlogillicated and inflammable,

p. 147. Experiments on the effedt of various fubliances in lowering the point of

2 - congelation



1

\
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congelation in water, p. 277. When pure water is cooled below its freezing point
the leall particle of ice or fnow brought in contadl with it caufes an inftant congelation,

p. 283.

Water-wagtail's neft chofen by a cuckoo to lay her egg in, p. 223,
Wine, Spirit of, its effedt on the freezing point of water, p. 309.

Withering, Dr. letter to Dr. Prieftley, p. 319. See Letter.
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